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ABSTRACT 


The  native  Alberta  species  of  Vaccinim  might  have  potential 
value  as  fruit  crops.  Any  inprovement  by  way  of  cultxiral  or  management 
practices  which  would  improve  producti\dty  would  be  of  value  to  persons 
living  in  those  marginal  agricultural  areas  where  such  plants  abound. 

Four  preliminary  ecological  studies  of  the  native  Alberta 
species,  namely,  Vaccinium  canadense,  Kalm.,  Vaccinium  caespitosum, 
Michx.,  and  Vaccinium  vitis-idaea,  L.,  var.  minus,  Lodd.,  were 
carried  out. 

Studies  of  the  clonal  rhizome  systems  of  V.  canadense  and 
“^tis-idaea  var.  minus  indicated  that  environment  influences  their 
rhizome  growth.  The  rhizomes  of  the  two  species  differ  in  a  number 
of  respects,  i.e.,  the  majority  of  V.  canadense  shoots  originate  at 
terminal  rhizome  positions  ^rfiereas  the  majority  of  V.  vitis-idaea  var. 
minus  shoots  originate  at  mid-rhizome  positions. 

The  seasonal  changes  in  leaf  sap  pH  of  both  V.  canadense  and 
V.  caespitosum  showed  similar  increases  with  increased  physiological 
age,  however,  such  was  not  the  case  with  V.  vitis-idaea  var.  minus. 

Leaf  sap  pH  was  indicative  of  the  species  also. 

Both  V.  canadense  and  V.  vitis-idaea  var.  minus  were  acido¬ 
philic  and  showed  preference  for  a  growing  medium  pH  range  of  5«5  -  5*6. 

Shoot  and  fruit  growth  studies  showed  that  both  V.  canadense 
and  V.  vitis-idaea  var.  minus  made  their  greatest  shoot  growth  during 


the  first  two  weeks  of  the  growing  season.  The  fruit  growth  of  V, 
canadense  was  serial,  however,  this  was  not  so  with  V.  vitis-idaea 
var.  minus  fruit  growth. 

Vegetati'^’e  propagation  investigations  showed  that  both  V, 
canadense  and  V.  vitis-idaea  var.  minus  may  be  propagated  by  rhizome 
cuttings.  V.  canadense  rhizomes  showed  better  growth  when  their 


shoots  were  removed  by  pruning 
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DITRODUCTiai 


A  niuJiber  of  the  Vacciniuin  species  found  growing  in  eastern 
Canada  and  the  nartheastem  Iftiited  States  have  become  conmercially 
important  fruit  crops.  It  is  quite  possible  that  the  native  Alberta 
species  as  well  might  have  potential  value  in  this  regard.  Certainly 
anything  by  way  of  cultural  or  management  practices  that  would  increase 
productivity  would  be  of  value  to  people  presently  living  in  those 
marginal  agricultural  areas  where  such  plants  abound. 

This  investigation  involves  four  preliminary  ecological 
studies  of  the  native  Alberta  species  of  Vaccinlum  namely:  Vaccinium 
canadense,  Kalm. ,  the  Canada  blueberry  and  Vaccinium  caespitosun^  Michx., 
the  dwarf  bilberry,  two  lowbush  blueberries,  and  Vaccinium  vitis -idaea,  L. 
var.  minus,  Lodd.,  the  upland  cranberry. 

The  objectives  were: 

(1)  to  determine,  by  mapping,  the  characteristics  and  growth  habits 
of  clonal  rhizome  systems  of  both  V.  canadense  and  V.  vitis ~idaea 
var.  minus  in  relation  to  their  environment. 

(2)  (a)  to  show  the  seasonal  changes  and  the  possible  influences  of 

environment  on  the  leaf  sap  reaction  of  V.  canadense,  V. 
caespitosum  and  V.  vitis-idaea  var.  minus. 

(b)  to  investigate  the  acidophilic  nature  of  V.  canaderise  and 
vitis -idaea  var.  minus. 

(3)  to  determine  the  seasonal  pattern  of  shoot  and  fruit  growth  of 
V.  canadense  and  V.  vitis-idaea  var.  minus  and  to  relate  the 
growth  pattern  to  environmental  influences. 


-2- 


(U)  to  investigate  the  possibilities  of  vegetative  propagation  of 
V.  canadense  and  V.  vitis-idaea  var,  minus  by  rhizome  cuttings 
subjected  to  shoot  pruning  and  to  determine  the  possible  influence 
of  environment  on  regeneration. 

An  insight  into  these  factors  would  be  of  assistance  in 
evaluating  the  potentialities  of  the  species  concerned  and  of  value 
as  directives  for  further  investigations. 
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1.  Clonal  Rhizome  Studies 

Stallard  (16)  reporting  on  secondaiy  succession  in  forest 
formations  of  Minnesota  found  by  tracing  the  extensions  of  Vaccinium 
canadense  and  V,  pennsylvanlcum  rhizomes  that  they  often  exceed 
several  yai^is  in  length.  A  colony  of  apparently  separate  plants 
may  be  the  branch  members  of  a  single  individual.  He  suggested 
that  this  was  the  means  of  regeneration  and  migration  of  these 
species. 

Trevett  (19)  studied  the  effects  of  burning  as  a  pruning 
technique  on  Icwbush  blueberry  fields  of  Vaccinium  canadense  and 
V.  angustif  olium.  He  suggested  that  a  vigorous  rtiizome  system  was 
the  key  to  a  continuing  high  level  of  productivity  because  rhizomes 
were  involved  directly  or  indirectly  in  all  clonal  functions.  The 
bulk  of  the  underground  parts  of  the  blueberries  were  located  in 
the  surface  organic  and  soil  horizons.  He  stated  that  the  organic 
horizons  contained  the  bulk  of  the  rhizomes,  not  so  much  because 
penetration  of  the  mineral  horizons  was  in5)0ssible,  but  because  the 
organic  layer  provided  both  a  favorable  physical,  chemical  and 
biological  environment  and  a  path  of  least  resistance.  The  area 
occupied  by  a  clone  could  bo  extended  further  when  new  rhizomes 
develop  either  laterally  from  a  plant  or  from  the  original  rhizome, 
Trevett  also  noted  that  the  majority  of  above  ground  stems  appeared 
to  originate  from  the  ends  of  rhizomes  rather  than  from  other  loca¬ 
tions,  Exceptions  to  this  occurred  if  the  field  concerned  had  a 


relatiwly  thick  organic  horizon,  in  which  case  stems  would  originate 
along  the  entire  length  of  the  rhizome.  New  stem  development  was 
found  to  originate  from  rhizomes  Tirtiich  were  relatively  close  to  the 
soil  surface,  Trevett  suggested  that  the  transition  from  rhizome 
to  shoot  occurs  where  it  does  because  of  light  or  an  associated 
stimulus,  catalyzing  the  differentiation  and  growth  of  buds. 

Excavation  of  clonal  rhizomes  of  Vaccinium  angustif  olium 
var,  laevif olium  by  Hall  (9)  revealed  the  presence  of  a  tapering 
structure  growing  vertically  in  the  soil.  Microscopic  examination 
showed  that  this  structure  was  a  typical  tap  root.  This  root  which 
was  considered  to  be  a  continuation  of  the  primary  root  of  the 
original  seedling  plant  was  foimd  to  be  common  to  all  native  lowbush 
blueberries.  Hall  stated  that  since  the  tap  roots  of  older  plants 
have  been  found  three  feet  below  ground  level,  their  function  during 
periods  of  dry  weather  may  be  to  supply  the  blueberry  plants  with 
water  and  soil  nutrients  not  available  in  the  area  of  the  rhizomes. 

He  suggested  that  too  much  stress  has  been  placed  on  the  role  of 
rhizomes  in  the  nutrition  of  lowbush  blueberries. 


MATERIAI5  AND  METHODS 


1.  Clonal  Rhizome  Studies 

During  June,  19^6,  six  sites  of  varied  slope,  vegetational 
cover  and  soil  moisture  conditions  were  chosen  at  the  IMiversity 
Native  Fruit  Station,  The  elevations  of  the  area  involved  approoci- 
mates  3,2U0  feet  above  sea  level  and  is  topographically  hilly.  The 
sites  were  located  at  vaiying  local  elevations^  their  relative 
positions  have  been  designated  as  being  high,  medium  or  low  (differences 
of  approximately  30  feet  in  elevation).  The  sites  wei*e  of  the  follow¬ 
ing  characteristics: 

Site  1,  A  U0°  slope  facing  26°  east  of  north,  of  high  elevation, 
moderate  shade  conditions  and  abundant  soil  moisture.  Clones  of 
V,  canadense,  V,  caespitosum,  and  V,  vitis-idaea  var,  minus  were 
distributed  along  the  bottom  1/3  of  the  slope. 

Site  2.  A  10°  slope  facing  south,  of  medium  elevation  with  moderate 
shade  conditions.  Clones  of  V,  canadense  and  V.  vitis -idaea  var, 
minus  were  distributed  over  the  entire  area. 

Site  3>  A  3°  slope  facing  56°  east  of  north  of  medium  elevation  with 
heavy  shade  conditions.  Clones  of  V,  canadense,  V,  caespitosum 
and  V,  vitis-idaea  var,  minus  were  distributed  over  the  entire  area. 
Site  U.  A  2°  slope  facing  west,  of  low  elevation  with  heavy  shade 
conditions  and  abundant  soil  moisture,  situated  along  the  edge  of 
a  sphagnum  b(^.  Clones  of  V,  canadense,  V,  caespitosum  and  V, 
vitis-idaea  var,  minus  were  distributed  o'rer  the  entire  area. 

Site  5«  A  3°  slope  facing  70°  east  of  north,  of  high  elevation  and 
with  large  tree  cover  almost  absent.  Clones  of  V,  canadense,  V. 
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caeapitoa-gm  and  V,  vitis-idaea  var.  minus  were  distributed  over  the 

entire  area. 

o 

Site  6.  A  20  slope  facing  south  of  high  elevation  with  large  tree 
cover  absent.  Clones  of  V.  canadense  present  but  few  in  number. 

An  area  approximately  30  meters  square  was  marked  with  stakes 
at  each  site  during  July,  1956,  to  delimit  the  sites  to  as  uniform 
conditions  of  slope,  shade,  elevation  and  soil  moisture  as  possible. 
Preliminary  examination  of  clonal  rhizomes  of  V.  canadense  and 
V,  vitis-idaea  var.  minus  were  made  at  this  time  to  develop  satis¬ 
factory  methods  of  mapping. 

A  vegetatdonal  analysis  of  each  site  was  carried  out  during 
the  spring  and  summer  of  1957*  The  tall  tree  and  shrub  stratas  were 
saii?)led  from  3  randonly  selected  10  meter  square  quadrats.  The  lower 
strata  ccn^osed  of  small  woody  shrubs  and  herbaceous  plants  was  sajiq>led 
from  5  randomly  selected  1  square  meter  quadrats.  Quantitative  data 
on  density,  coverage,  frequency  and  dominance,  and  qualitative  data 
on  sociability  and  vitality  were  recorded  at  this  time  to  describe 
the  vegetational  character  of  the  areas  studied.  Density  indicates 
the  relative  in^jortance  of  a  species  at  a  site  based  upon  abundance 
on  a  unit-area  basis.  The  data  on  density  represents  an  average  of 
the  actual  numbers  of  each  species  per  quadrat.  Coverage  indicates 
the  relative  importance  of  a  species  with  regard  to  size  of  plant 
or  area  occupied.  The  data  recorded  is  a  visual  estimate  of  the 
percentage  of  area  covered  by  each  species  and  is  expressed  as  a 
number  between  1  and  5. 
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(1)  less  than  55^  of  ground  surface. 

(2)  5  to  2.^%  of  ground  surface. 

(3)  25  to  50^  of  ground  surface. 

(U)  50  to  75/S  of  ground  surface. 

(5)  75  to  100^  of  ground  surface. 

Frequency  denotes  the  distribution  of  a  species  oyer  the  site  being 
sampled.  The  data  is  an  expression  of  the  percentage  of  quadrat 
sanples  in  >diich  a  species  occurs  and  is  presented  as  a  number 
between  1  and  5* 


(1) 

0  - 

20^ 

(2) 

20  - 

Uo^ 

(3) 

ho  - 

60^ 

(U) 

60  - 

80^ 

(5) 

80  - 

100^ 

Species  having  frequency  ratings  of  5  and  idiich  have  been  observed  as 
inportant  for  their  particular  strata  were  designated  as  dominants. 
Sociability  indicates  the  growth  habit  of  the  various  species.  Those 
forming  colonies,  clone  groups  or  surface  mats  were  noted,  otherwise 
the  species  existed  as  single  plants.  The  evaluation  for  vitality 
indicates  apparent  adaptation  and  is  of  assistance  in  designating  the 
inportance  of  certain  species.  A  number  from  1  to  3  was  assigned 
each  species  on  the  basis  of  the  following: 

(1)  plants  existing  but  not  increasing  in  numbers. 

(2)  plants  maintained  and  increased  by  vegetative  means  but  not 
conpleting  their  annual  cycle  of  growth  and  development. 
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(3)  well  developed  plants  completing  their  annual  cycle  of  growth 
and  development* 

After  conviction  of  the  vegetational  analysis,  mapping  of 
the  clonal  rhizomes  of  V.  canadense  and  V,  vitis-idaea  var.  minus  was 
undertaken  at  the  various  sites.  Three  clones  of  V.  canadense  were 
selected  at  each  site  and  three  clones  of  V.  vitis»idaea  var.  minus 
were  also  selected  at  each  site  except  Site  6.  Beginning  at  Site  1 
the  extraneous  surface  material  was  removed  from  the  clonal  plant 
selected.  By  carefully  clearing  and  cutting  away  roots  and  stems 
of  other  plants  and  the  top  organic  layer  of  the  soil,  the  rhizome 
was  excavated  10  cm.  sections  at  a  time,  care  being  taken  to  avoid 
changing  the  original  position  of  the  structure  or  its  appendages. 

After  each  section  was  uncovered,  changes  in  direction  of  the  rhizoaoe 
were  noted,  their  positions  being  determined  with  a  "Silva"  hand 
compass.  The  length,  diameter  and  depth  of  the  rhizomes  were  deter¬ 
mined  in  cm.  using  a  set  of  vernier  calipers.  Morphological  charac¬ 
teristics  of  shoots  at  the  soil  surface,  rhizome  growing  points,  major 
root  locations,  dead  shoots  and  decayed  rhizome  ends  were  also  noted. 

As  these  data  were  gathered  a  field  map  was  prepan:^d  by  plotting  the 

•s 

direction  of  the  ihizome  and  recording  the  necessary  data.  The  rhizome 
maps  were  plotted  on  standard  cross  section  drawing  paper  to  a  scale 
of  1  cm,  equal  to  5  cm,  actual  distance.  This  procedure  of  mapping 
was  carried  out  for  the  clones  at  all  sites,  A  total  of  18  maps  of 
V.  canadense  and  15  maps  of  V,  vitis-idaea  var.  minus  were  prepared. 
Final  maps  were  prepared  from  the  field  maps  during  the  winter  of 
19^8-59  on  tracing  psper  to  a  scale  of  1  cm,  equal  to  2  cm.  actual 
distance.  Data  cm  the  clonal  characteristics  of  rhizome  depth,  length. 
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diameter,  numbers  of  shoots,  depth  of  shoot  origin,  position  of  shoots 
in  relation  to  the  rhizcoie,  numbers  of  rhizcane  growing  points,  major 
root  locations,  dead  shoots  and  decayed  rhizome  ends  was  taken  from 
the  maps  and  tabulated  to  facilitate  rapid  compariscin.  Major  roots 
are  those  >rtiich  range  in  diameter  from  0.01  to  0.0^  cm.  at  their 
point  of  origin  on  the  rhizome.  After  coir5)leting  the  excavation  and 
mapping,  each  clone  was  bagged  and  labeled.  All  the  clones  were 
taken  to  the  laboratory  and  oven-dry  weight  in  gms.  of  roots,  rhizomes 
and  plants  were  detennined  for  each  clone.  Representati\e  soil  pro¬ 
files  were  described  and  soil  sanples  removed  during  Axugvst,  1957, 
from  each  site.  Profile  description  involved  horizon,  designation, 
depth,  color,  structure  and  texture.  The  soil  sairples  were  taken  to 
the  laboratory,  air  dried  and  passed  through  a  5  mm.  sieTC.  Chemical 
analyses  of  these  samples  were  made  during  the  fall  of  1958  using  the 
Spurway  method  (18). 
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RESULTS 

1.  Clonal  Rhizome  Studies 

(a)  Relationships  of  Vaccinium  species  to  the  vegetation  at  the 
various  sites 

Results  of  the  vegetational  analysis  (Tables  1  to  6  in  the 
^pendix)  show  that  species  present,  number  of  species,  and  number 
of  clones  within  species  differs  markedly  between  sites. 

The  data  on  the  tall  tree  strata  are  given  in  Table  1. 

Table  1.  Density  and  coverage,  tall  tree  strata,  at  sites  1  to  6, 
based  upon  an  average  of  three  10  x  10  quadrats 


Site _ 1  2  3  U  5  6 

Density  2?  12  32  28  5  U 

Coverage  5  3  5  ^21 


By  comparing  the  data  on  density  with  that  of  coverage  it 
will  be  noted  that  the  heaviest  tree  cover  existed  at  Site  3  while 
the  lightest  occurred  at  Site  6. 

Certain  plants  were  common  at  all  locations  and  did  not 
appear  to  show  particular  preference  for  a  specific  environment. 

These  included  Populus  tremuloides,  Shepherdia  canadensis,  Maianthemum 
canadense,  Rosa  acicularis,  lathyrus  venosa,  Elymus  canadensis  and 
Spiraea  alba.  Other  species  proved  to  be  quite  selective  with  regard 


to  light  and  soil  moisture,  Vegetational  analysis  data  shew  the 
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prefercnce  of  the  following  species  for  abimdant  soil  moisture  and 
shade:  Larix  laricina.  Ledum  g r oenlandicum ^  Comus  canadensis, 

Fyrola  secunda,  Selaginella  spp.  and  Sphagnum  spp.  The  species  - 
Larix  laricina.  Ledum  groenlandlcum,  Selaginella  spp.  and  Sphagnum 
spp.  were  present  in  the  greatest  numbers  at  the  sites  of  hea'vy  shade, 
low  elevation  and  abundant  soil  moisture.  Comus  canadensis  and  Pyrola 
secunda  were  found  at  the  heavily  shaded  sites  regardless  of  elevation. 
Species  showing  a  preference  for  exposed  conditions  included  the  follow¬ 
ing:  Arc  tos taphylos  uva-ursi.  Aster  frondeus  and  Erigeron  drummondi. 

The  data  on  density  (Tables  1  -  6  in  the  Appendix)  show  the  preference 
of  Arc  tos  taphylos  uva-ursi  for  an  open  dry  environment.  This  plant 
was  absent  at  Site  3  where  the  heaviest  tree  cover  existed  and  in 
greatest  abundance  at  the  open  southern  exposure  of  Site  6, 

The  Vaccinium  species  were  iirqportant  in  the  conqposition  of 
the  low  shrub  and  herbaceous  strata  at  all  sites  except  the  open, 
south  facing  slcpe  of  Site  6.  The  data  on  density  for  the  three 
species  V,  canadense,  the  Canada  blueberry,  V.  caespitosum,  the 
dwarf  bilberry,  and  V.  vitis-idaea  var.  minus,  the  igjland  cranberry, 
(Table  2)  shows  the  influence  of  habitat  on  their  abundance. 

V.  canadense  shows  the  greatest  degree  of  adaptability  of  the 
three  species  by  its  presence  at  all  six  sites.  It  was  present 
in  greatest  numbers  at  the  relatively  open  conditions  and  high 
elevation  of  Site  $,  This  would  suggest  that  it  is  best  adapted 
to  such  an  environment  but  edaphic  conditicms  may  have  had  an 
influence.  The  suggested  influence  of  edaphic  cmditions  of  soil 
pH  and  depth  of  organic  horizons  is  discussed  in  another  section 
(pages  lU  and  l5)*  Conditions  of  moderate  to  heavy  shade  and  good 
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soil  moisture,  irrespectiTe  of  elevation  appeared  to  be  contributing 
factors  influencing  the  abundance  of  V,  canadense. 

Table  2,  The  density  of  Vaccinium  species  at  sites  1  to  6 


Species 

1 

2 

3 

Site 

u 

5 

6 

V.  canadense 

U5 

39 

57 

63 

75 

22 

V,  vitis-idaea  var,  minus 

287 

U07 

lUli 

102 

190 

nil 

V,  caespitosum 

22 

nil 

U5 

143 

36 

nil 

Shade  (Table  l)  and  the  interacting  influence  of  soil 
moisture  seemed  of  more  importance  to  V,  vitis-idaea  var.  minus 
than  it  was  to  V.  canadense,  V,  vitis-idaea  var.  minus  was  found 
in  greatest  abundance  at  the  sites  of  moderate  to  heavy  shade  but 
was  nonexistent  at  Idle  open,  south  facing  slope  of  Site  6.  The 
great  increase  in  abundance  of  this  species  at  Site  2  appeared  to 
be  related  to  its  growth  habit  as  well  as  a  lack  of  coii5)etitian 
from  other  plants.  At  this  site  it  formed  very  dense  colonies. 
Elevation  had  no  apparent  influence  on  its  abundance. 

The  species  7,  caespitosum  was  not  present  at  all  sites 
but  was  present  in  greatest  abundance  where  heavy  shade  existed. 
Colonies  were  found  growing  beneath  the  cover  of  larger  herbaceous 
plants  and  woody  shrubs,  VJhere  this  type  of  cover  was  not  abundant 
as  at  sites  2  and  6,  V.  caespitosum  was  nonexistent. 

A  maximum  limit  of  shading  was  also  indicated  for  the 
three  Vaccinium  species.  Under  the  most  heavily  shaded  conditions 
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whlch  existed  in  certain  areas  at  Site  3  all  three  species  Indicated 
that  they  wore  not  conpleting  a  regular  annual  developmental  cycle 
and  were  existing  in  a  vegetative  condition. 
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(b)  The  influenco  of  edaphic  conditions  on  the  distribution  of 

Vacclnium  species  at  the  varioos  sites 


The  soil  survey  carried  out  by  the  Experimental  Farm  Service, 
Canada  Department  of  Agriciilture,  Edmonton,  of  the  Rocky  Mountain  House 
district  of  Alberta  (soil  survey  report  not  published)  classifies  the 
soil  of  the  Native  Fruit  Station  a3  follows: 

(1)  Podzolic  grey  wooded.  Prentice  loamy  sand.  This  type  is  found 
at  the  hi^er  elevatiotns  and  slopes. 

(2)  Oai^anic.  Sedge  and  Mosspeat.  This  type  is  found  at  the  low 
elevations  in  sedge  or  moss  bogs. 

The  description  of  representative  soil  profiles  of  Sites  1 
to  6  are  presented  in  Table  7  in  the  Appendix.  The  T:5)per  horizons 
are  quite  variable  in  depth  between  sites.  The  organic  horizons  at 
Site  5  reached  a  depth  of  10  cm,  which  was  considerably  more  than  at 
the  other  sites.  The  increase  in  abundance  of  V,  canadense  at  this 
relatively  open  site  was  believed  to  be  influenced  by  this  since 
deep  organic  horizons  appear  to  provide  very  good  environmental  condi¬ 
tions  for  the  subsurface  rhizomes  and  roots.  On  this  basis  it  might 
be  argued  that  the  comparatively  shallow  depth  of  the  organic  horizon 
at  Site  6  was  responsible  for  the  relative  lack  of  Vaccinium  species 
in  this  part  of  the  eDqjerimental  area. 

Because  differences  in  abundance  of  the  Vaccinium  species 
could  have  been  influenced  by  a  difference  in  soil  nutrient  levels, 
analyses  of  soil  sanples  from  all  sites  were  carried  out.  The  results 
(Table  8  in  the  Appendix)  show  no  marked  differences  in  nutrient  levels 
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be tween  sites.  The  pH  of  the  upper  three  soil  horizons  at  Site 
however,  was  lower  (pH  U.5  -  U.9)  than  at  the  other  sites.  The  only 
other  instance  at  which  the  ij^jper  horizons  approached  this  degree 
of  acidity  was  at  Site  U,  where  the  pH  range  was  U«6  to  5»3.  If 
Vaccinium  species  are  acidophilic  then  the  greater  soil  acidity  at 
Site  5  might  be  a  factor  influencing  the  abundance  of  Vaccinium  at 
this  location. 

Another  condition  which  appeared  to  affect  the  distribution 
of  the  three  Vaccinium  species  was  the  distance  from  the  surface  of 
the  ground  water  level.  At  Site  k  which  bordered  a  sphagnum  bc^ 
these  species  were  distributed  relatively  uniformly  over  the  area 
where  the  ground  water  level  was  at  a  depth  of  50  cm.  or  more.  As 
the  depth  decreased  from  30  cm.  to  near  the  surface  the  number  of 
plants  of  each  species  decreased  very  rapidly. 
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(c)  Characteristics  of  V.  canadense  rhizomes  and  the  appeirent  effects 
of  environmental  conditions  on  their  growth  and  extent 

The  clonal  m^s  of  V.  canadense  rhizomes  from  sites  1  to  6 
are  presented  in  Figures  1  to  18  in  the  Appendix,  Examination  of  the 
maps  reveals  a  high  degree  of  variation  in  the  extent  of  the  rhizomes. 
The  total  length  of  individual  rhizcmes  varied  from  66.5  to  1359.0  cm, 
E\en  within  sites  this  variability  was  apparent,  for  example,  at 
Site  6  the  length  of  rhizomes  varied  from  as  little  as  97*0  to 
1359.0  cm.  The  data  on  riiizome  depth  (Table  9  in  the  Appendix)  show 
differences  which  may  have  been  due  to  site  habitat.  The  rhizomes 
at  all  sites  were  located  predominantly  in  the  top  l5  cm.  of  soil. 

At  sites  1,  2,  U  and  6  the  range  in  depth  was  from  the  soil  surface 
to  30,0  cm.  At  Site  3  the  rhizomes  reached  a  depth  of  17.0  cm.  and 
at  Site  5  a  depth  of  l5.0  cm.  The  depth  of  the  rhizomes  at  Site  3 
may  have  been  related  to  heavy  shade  conditions  which  at  this  site 
provided  protection  from  direct  sunlight  and  resulted  in  increased 
soil  moisture  levels.  The  organic  horizons  at  Site  5j  however,  are 
of  greater  depth  than  at  the  other  sites.  The  depth  of  rhizomes  here, 
therefore,  may  have  been  the  result  of  the  favourable  environmental 
coiditions  provided  by  these  horizons.  The  effects  of  shade  and  of 
organic  horizon  depth  on  the  depth  of  rhizom.es  is  illustrated  further 
by  comparing  the  density  of  the  tall  tree  strata,  horizon  depth  and 
average  rhizome  depth  at  each  site  (see  Table  3). 
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Table  3«  V*  canadense ,  A  comparison  of  tall  tree  density,  organic  horizon  depth 
and  a'verage  depth  of  rhizomes^  for  sites  1  to  6 


Site 

1 

2 

3  k 

5 

6 

Density  of  the 

tall  tree  strata  2? 

12 

32  26 

U 

Organic  horizon 
depth  3 

6 

7  7 

10 

3 

Average  depth  of 

the  rhizomes  6.8  +  0.1 

8.^  +  0.9 

7.1  +  0.9  6.9  +  0.3 

U.5  +  0.9 

9.0  +  2.8 

^  Organic  horizon  depth  expressed  in  cm. 

^  Avsrage  depth  of  itiizomes  expressed  in  cm. 


A  corapariscai  of  the  data  from  Site  2  with  that  of  Sites  3  and  U 
indicates  the  effects  of  shade  on  rhizome  depth.  Under  the  relatively 
open  conditions  of  Site  2  there  was  an  increase  in  average  rhizome  depth 
over  that  at  both  Sites  3  and  U*  Sites  1  and  6  had  similar  depths  of 
organic  horizons.  The  relatively  heavy  shaded  conditions  of  Site  1 
were  acconpanied  by  a  decrease  in  the  average  depth  of  the  rhizomes. 

A  conparison  of  data  from  Sites  5  and  6  illustrates  the  effect  of 
organic  horizon  depth  on  the  average  depth  of  the  rhizomes.  With  the 
greater  depth  of  the  organic  horizons  at  Site  5  the  average  rhizome 
depth  was  less  than  at  Site  6  where  under  similar  shade  conditicais 
a  decrease  in  organic  horizon  depth  was  acconpanied  by  an  increase 
in  rhizome  depth.  Data  presented  in  Table  10  in  the  Appendix  shows 
the  length  of  rhizomes  for  various  ranges  of  diameter  for  each 
V.  canadense  clone.  Possible  effects  on  radial  growth  from  differing 
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habitate  are  not  obvious.  The  rhizomes  varied  from  0.1  to  1.9  cm.  in 
diameter,  the  largest  proportion  of  them  being  0.3  to  O.U  cm.  in  diamete 

The  numbers  of  shoots,  rhizome  growing  points,  major  root 
locations,  dead  shoots  and  decayed  rhizome  ends  were  calculated  on 
the  basis  of  100  cm.  of  rhizome  length  for  each  clone  (Table  U). 
Individvial  clones  differ  in  these  characteristics  to  a  great  extent, 
hence  no  effects  of  habitat  can  be  discerned  (Table  11  in  the  Appendix). 

Table  Ua.  V.  canadense.  Morphological  characteristics  of  rhizomes  from 
sites  1  to  6.  Data  based  \:5)on  100  cm.  of  rhizome  length 


Site 

1  2  3  U  5  6 


No.  of  shoots  1,2  +  0.7  1*5  +  0.6  2.2  +  0.8 
No,  of  rhizome 

grcwdng  points  0.2  +  0.2  0,9  +  0,9  0,2  +  0.9 

No.  of  major 

root  locations  3*5  +  1*5  1«3  +  2,2  1,0  +  0,5 


No.  of  dead 
shoots 


0.0  0.2  +  0.3  O.U  +  0,3 


No,  of  decayed 

rhizrane  ends  0,5  +  0,6  0.7  0.5  O.U  +  0,8 


1.9  +  0.2 
O.U  0,6 
0.9  +  0.5 
O.U  +  0.2 
O.U  +0.2 


1.6  +  0.6 
0.7  +  0.2 
0,6  +  0.1 

0.1  +  0.1 

0.3  +  0.2 


1.0  +  0.9 

1.2  +  1,2 

1.0  +  1.2 

0.0 

0,0 


The  depth  of  shoot  origin,  which  is  the  vertical  distance  of 
shoot  froti  the  soil  surface  to  the  point  at  which  it  joins  the  hori¬ 
zontal  rhizome,  was  determined  from  the  rhizome  maps  for  the  shoots 
of  each  clone  at  the  various  sites  (Table  12  in  the  ^pendix).  No 
effects  of  habitat  are  discemable,  the  shoots  originated  predominantly 
from  rhizomes  at  soil  depths  of  U  cm,  or  less  but  were  found  to  arise 
from  as  far  as  11  cm.  from  the  surface. 
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The  actual,  number  and  percentage  of  shoots  originating  at 
terminal  rhizcane  locations  and  at  mid-rhizome  locations  is  presented 
in  Table  13  in  the  Appendix,  No  effects  of  habitat  on  shoot  position 
were  apparent.  The  shoots  were  found  to  arise  most  frequently  from 
terminal  locations.  The  average  for  18  clones  is  72,3$  from  terminal 
locations  and  27.7$  from  mid-rhizcme  locations. 

Examination  of  the  V,  canadense  rhizome  maps  reveals  an 

inportant  aspect  of  growth  habit  common  to  all  clones.  The  rhizomes 

characteristically  develop  numerous  lateral  branches.  The  angle  of 

the  laterals,  at  initiation,  to  the  forward  part  of  the  original 

o 

rhizcane  is  invariably  less  than  90  ,  This  type  of  structural  develop¬ 
ment  is  quite  reasonable  if  one  considers  that  rhizomes  are  in  fact 
underground  stems  and  might  be  expected  to  be  morphologically  similar 
to  above  ground  stems  and  branches.  With  the  above  ground  stems  and 

branches  of  plants,  the  angle  of  lateral  branches  to  the  st«[ns  in 

o 

the  direction  of  growth  is  always  less  tiian  90  •  If  this  coirparison 
is  valid  then  by  observing  the  angle  of  branching  of  a  rhizome  one 
can  determine  the  location  of  the  proximal  and  distal  portions  of  a 
clone.  The  most  proximal  point  of  a  rhizome  would  be  the  location 
of  the  original  seedling  plant.  The  suggested  position  of  the 
seedling  plant  is  indicated  for  each  clone  mapped. 

Several  generalizations  may  be  made  for  the  V,  canadense 
rhizomes.  Branching  of  rhizomes  is  often  dichotomous  but  not  con¬ 
sistently  so.  The  current  season* s  growth  of  a  rhizome  growing 
point  is  characterized  by  the  presence  of  leaf  scales  or  modified 


leaves  which  are  absent  from  older  rhizome  sections. 
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The  liiizomes  of  V,  canadcnse  were  fo\md  to  have  numerous 
fibrous  roots  some  of  them  being  larger  and  more  in5)ortant  as  centers 
of  a  clone's  absorption  system.  The  larger  roots  were  referred  to  as 
major  roots  and  there  were  often  several  per  clone.  These  roots 
ranged  in  diameter  from  ,01  to  ,05  cm.  The  transition  from  rhizome 
to  root  was  very  rapid  at  the  point  of  root  initiation  and  was 
characterized  by  a  marked  reduction  in  diameter  of  the  rhizome  to 
the  root.  The  major  roots  moved  to  lower  soil  depths,  branching 
at  frequent  intervals.  No  large  or  very  extensive  tap  roots  were 
fo\ind  with  any  of  the  clones  mapped.  All  rhizomes  had  numerous 
small  roots  scattered  along  their  entire  lengthj  these  were  reduced 
in  diameter  and  extent  when  compared  to  the  major  roots.  The  small 
roots  extended  into  the  surrounding  organic  and  mineral  soil  horizons. 

The  oven -dry  weight  in  gms,  and  the  calculated  ratio  of 
shoot  weight  to  root  plus  rhizome  weight  of  each  clone  of  V,  canadense 
from  sites  1  to  6  is  presented  in  Table  lU  in  the  Appendix.  The  data 
shows  a  great  variation  in  weight  and  shoot/root  plus  rhizome  ratios 
between  the  clones  at  each  site.  The  average  total  oven-dry  weight 
for  18  clones  of  shoots  equals  l5*li-  gms,,  of  roots  plus  rhizomes, 

55*8  gms.,  giving  an  average  shoot/root  plus  rhizome  ratio  of  0,30. 
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(d)  Characteristics  of  the  rhizomes  of  V,  vitis-idaea  var.  minus  and 

the  apparent  effects  of  environmental  conditions  on  their  growth 

and  extent 

The  clonal  maps  of  V,  vitis-idaea  var.  minus  from  sites  1 
to  5  are  presented  in  Figures  19  to  33  in  the  Appendix.  A  large 
variation  in  extent  of  rhizomes  is  quite  apparent  upon  examination 
of  the  maps.  The  total  length  of  rhizomes  varied  from  to  10k3»S 

cm.  As  was  the  case  with  V.  canadense,  the  length  of  rhizomes  varied 
greatly  within  clonal  groups  at  the  same  sites.  E^ven  with  the  great 
variation  in  extent  between  rhizomes  at  the  same  sites,  a  marked 
reduction  in  length  is  noticeable  for  all  the  clones  at  Site  3* 

In  Table  U  the  average  total  length  in  cm.  of  rhizomes  and  the  average 
number  of  decayed  rhizome  ends  per  site  are  con^jared  to  the  data  on 
tall  tree  density. 

Table  Ubw  V,  vitis-idaea  var,  minus,  A  con5)arison  of  average  length  in  cm, 

'o£  rhizomes  and  average  number  of  decayed  rhizome  ends  per  site 
to  tall  tree  density  for  the  sites  1  to  5 


Site 


1  2  3  U  5 


Density  of 

tall  tree  2?  12  32  28  5 

strata 

Length  320,7  +  112„U  lli5.7  +  63.6  89.5  +  37.U  58U.7  +  323.2  313.5  +  122.U 

Number  of 

decayed  1,0  +  0.5  0,9  +  0.2  3.0  +  3.6  0.5  +  0,3  0.3  +  0.2 

rhizome  ends 
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The  shorter  length  of  the  rhizomes  at  Site  3  is  acc 01153 anied  by  an 
increase  in  the  number  of  decayed  rhizome  ends.  The  rhizomes  had 
decayed  at  certain  points  and  parts  of  the  clone  had  become  separated. 
Environmental  conditions  may  have  contributed  to  this  occurrence. 
Possibly  the  heavy  shade  conditions  which  occurred  at  Site  3  had  an 
influence.  The  heavy  shade  could  conceivably  have  reduced  clonal 
vitality  vdiile  the  abundant  soil  moisture  conditions  may  have  con¬ 
tributed  to  rhizome  decay. 

Table  1$  in  the  Appendix  presents  data  derived  from  the  maps 
on  rhizome  depth.  The  depth  of  rhizomes  of  the  clones  varied  from 
the  surface  to  28,0  cm.  at  Site  1  while  the  rhizomes  of  the  clones 
from  all  other  sites  reached  a  depth  of  19. 0  cm,  but  were  located 
predominantly  at  depths  of  10  cm.  or  less.  The  effect  of  organic 
layer  on  depth  of  rhizomes  is  illustrated  by  conparing  the  depth 
of  the  organic  material  with  the  average  rhizome  depth  at  each  site 
(Table  5).  The  greater  depth  of  rhizomes  at  Site  1  maty  be  related 
to  the  extent  of  the  organic  layers  which  are  considerably  shallower 
than  at  the  other  sites. 

Table  5.  V.  vitis-idaea  var.  minus.  A  conparison  of  the  extent  of 

OTganic  layer  in  cm.  and  average  depth  of  rhizomes  in  cm. 

for  sites  1  to  5 


Site 


1  2  3  U  5 


Extent  of 

organic  3  6  7  7  10 

layer 

Depth  of 

rhizomes  10.5  +  5.U  6.5  +  0.6  6.3  +  1.^^  3.9  +  1.6  6.6  +  0.9 
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A  coo^arisan  of  Tables  3  and  5  shows  that  the  behaviour  of 
both  species  with  regard  to  depth  of  rhizomes  was  alike  where  the 
extent  of  the  organic  layer  was  similar.  Data  on  diameter  of  each 
V.  vitis-idaea  var.  minus  clone  is  presented  in  Table  16  in  the 
Appendix.  The  diameter  of  the  rhizomes  range  from  0.05  to  0.5  cm., 
the  largest  proportion  of  them  being  0.Q5  to  0.1  cm.  in  diameter. 

The  numbers  of  shoots,  rhizome  growing  points,  major  root 
locations,  dead  shoots  and  decayed  rhizcme  ends  were  calculated  for 
each  100  cm,  of  rhizome  for  each  clone.  Total  numbers  as  well  as 
the  number  per  100  cm,  of  rhizome  are  presented  in  Table  17  in  the 
Appendix,  The  variation  between  clones  at  each  site  is  considerable 
and  no  environmental  influences  can  be  discerned.  Table  6  shows  the 
average  number  per  100  cm,  of  rhizcme  and  the  standard  deviation  of 
these  characteristics  for  three  clones  per  site. 

Table  6.  V.  vitis-idaea  var,  minus.  Average  numbers  of  various  morphological 
characteristics  of  rhizomes  from  sites  1  to  6.  The  data  is  based 
upon  100  cm,  of  itiizome  length 


Site 


No.  of  shoots  2,2  +  1.2  5.7  +  U.O  U.l  +  U.3  3.3  +  0.3  2.8  +  0.8 


No,  of  rhizome 

growing  points  1.2  +  0,5 


0.9  +  1.1 


0.0 


0,5  +  0,5  0.5  +  o.U 


No,  of  major 

root  locations  0.1  +  0,2 


1.3  +  1.0  1.9  +  2,0  0,2  +  0.5 


0.0 


No,  of  dead 
shoots 


0.2  +  0,2  0,7  +  0,7  0.3  +  0,3  O.U  +  0.3  0.5  +  O.U 


No,  of  decayed 

rhizome  ends  1.0  +  0,5 


0.9  +  0.2  3.0  +  3.6  0.5  +  0.3  0.3  +  0.2 
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V.  vitis-idaea  var.  minus  clones  (Table  1?  in  the  Appendix) 
and  V,  canadense  clones  (Table  11  in  the  i^pendix)  differ  in  the  number 
of  shoots  per  rhizome.  The  mean  number  of  shoots  per  ICXD  cm,  of  V. 
vitis-idaea  var,  minus  rhizome  is  3*8>  more  than  twice  as  many  as  the 
V,  canadense  ihizome  which  is  1,6  per  100  cm.  The  influence  this 
difference  has  on  the  shoot/root  plus  rhizome  ratio  is  noted  on 
page  27,  Data  is  presented  in  Table  l8  in  the  Appendix  pertaining 
to  the  depth  of  shoot  origin  of  V,  vitis-idaea  var,  minus  clones  at 
the  various  sites.  Environment  has  no  apparent  effect  on  the  depth 
at  which  shoots  may  originate.  It  will  be  seen  that  shoots  can 
originate  from  rhizome  locations  at  depths  as  far  as  22,0  cm,  from 
the  surface,  although  the  majority  arise  fron  locations  between 
9*0  cm,  and  the  surface,  Conparison  of  data  for  depth  of  shoot 
origin  of  both  V,  vitis-idaea  var,  minus  and  V,  canadense  clones 
shows  a  difference  in  this  respect.  The  depth  of  shoot  origin  of 
the  former  is  quite  variable  whereas  with  the  latter,  the  depth  of 
V.  vitis-idaea  var,  minus  arise  mainly  from  mid-rhizcmie  locations  is 
shown  in  Table  19  in  the  Appendix,  Differences  occur  between  the  clones 
from  Sites  2  and  5  and  Sites  1,  3  and  U  which  may  be  related  to  shade 
conditions,  A  comparison  of  tall  tree  density  and  the  percentage  of 
shoots  at  mid-rhizome  or  terminal  rhizome  locations  (Table  7) 
illustrates  the  relationship  between  shade  and  shoot  location,  llie 
number  of  shoots  located  terminally  increased  with  an  increase  in 
tree  density.  At  the  relatively  open  conditions  of  Sites  2  and  $  the 
proportion  of  shoots  at  terminal  positions  is  and  0,0^  respectively. 

The  number  terminally  located  reaches  a  maximum  of  under  the 


'll 7r. ■  '  '  • '"* 

'  1  ■  ,  ■  'I 


f ' . 


-  k  •' 


"I  * 


•  r 


.j-CrO'* '  /; 


si-.  .1  ■  ■ 


0‘'\  ......  ,/.a. 


S'lOn' 


,  .  ■  ■-.G  '. .  '..: 


_  .^s 


;  .V  '  ■> : 


t'rJi  f  .  I'.oJ 


...i  ':.JJ  X-./j', 


I.  ‘V.l.  ■' I 


r  .  .  r 


I  I,'..', 


I  -  ..XO'I 


■;  ’".Ii,.  . .  r.l 


)  '  I.  ,  .  / 


y  ■  -i 


'  I'. 


.1'  >  ..i 


.  '■  U 


'.  ru  .1 

'  .'  j'  '  . 


’i  i.n  •- 


)•  :> 


-25- 


heavLly  shaded  conditions  of  Site  3*  While  the  shoots  of  V.  vitis-idaea 
var.  minus  were  located  predominantly  at  mid-rhizcme  locations  the 
reverse  was  true  for  V.  canadense.  The  percentage  of  V*  vitis-idaea 
var.  minus  shoots  for  l5  clones  is  22.1^  located  terminally  and  71*9% 
located  at  mid-rhizome  locations.  With  18  clones  of  V.  canadense  the 
percentage  of  shoots  located  terminally  is  72*3%  and  at  mid-rhizome 
locations  2.7*7%* 


Table  7*  V.  vitis-idaea  var.  minus.  A  conqparison  of  tall  tree 
density  with  the  position  of  shoots  on  the  rhizome. 
Data  on  shoot  position  presented  as  a  percentage 


Site 

1 

2 

3 

u 

5 

Density  of  the 

taill  tree  strata 

27 

12 

32 

28 

5 

Shoot  position 

Terminal 

2Ii.8 

7.ii 

U5.0 

33.5 

0.0 

Mid-rhizcane 

75.2 

92.6 

55.0 

66.5 

100.0 

The  rhizomes  of  V.  vitis -idaea  var.  minus  produce  lateral 

branches  in  a  manner  similar  to  those  of  V.  canadense  but  not  so 

abundantly.  The  angle  subtended  by  the  laterals  is  invariably  less 
o 

than  90  which  was  also  noted  with  respect  to  V.  canadense  rhizome 
laterals.  This  similarity  in  the  branching  of  V.  vitis-idaea  var. 
minus  and  V.  canadense  rhizomes  has  been  conpared  to  the  structural 
development  of  above  ground  stems  and  branches.  By  observing  the 
angle  of  branching  one  can  detemine  the  proximal  and  distal  positions 
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of  a  rhizome  and  on  this  basis  locate  the  position  of  the  original 
seedling  plant.  The  suggested  position  of  the  seedling  plant  is 
indicated  for  each  clone  mapped.  The  riiizcanes  of  V,  vitis -idaea 
var.  minus  and  of  V.  canadense  are  similar  in  many  respects.  The 
branching  of  V.  vitis  -idaea  var.  minus  rhizoines  is  often  dichotomous. 
The  current  season's  growth  of  a  rhizome  growing  point  is  characterized 
by  the  presence  of  leaf  scales  along  their  entire  length.  The  rhizome 
of  V.  vitis -idaea  var.  minus  is  much  straighten  in  growth  habit  and  not 
subject  to  the  tropisms  of  the  V.  canadense  rhizome. 

The  locations  of  major  roots  are  indicated  for  each  V.  vitis- 
idaea  var.  minus  clone  on  the  maps.  These  roots  varied  in  diameter 
from  .01  to  .03  cm.  at  their  point  of  origin  on  the  rhizome.  The 
transition  from  rhizome  to  root  was  very  rapid.  As  the  roots  extended 
into  the  surrounding  soil  they  branched  frequently  and  there  was  a 
rapid  reduction  in  diameter.  None  showed  the  size  or  growth  habit  of 
tap  roots.  The  position  of  these  roots  is  indicated  on  the  maps  to 
show  the  loci  of  the  clone  absorption  systems.  Ail  clones  in  addition 
had  numerous  hair-like  roots  scattered  along  the  entire  length  of 
the  rhizome. 

The  oven-dry  weight  in  gms.  and  the  calculated  ratio  of 
shoot  weight  to  root  plus  rhizome  weight  of  the  V.  vitis -idaea  var. 
minus  clones  from  sites  1  to  5  are  presented  in  Table  20  in  the 
Appendix.  The  clonal  variation  at  each  site  is  considerable  but 
the  consistently  lower  weight  of  the  clones  at  Site  3  is  noticeable. 
This  substantiates  the  earlier  suggestion  that  the  heavy  shade 
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conditions  at  Site  3  reduce  V.  vitis-idaea  var.  minus  clone  vitality 
(page  22),  The  data  show  great  vauriation  in  the  ratio  of  shoot/root 
plus  rhizome  between  clones  but  the  ratios  are  consistently  much 
higher  than  V.  canadense  clones. 
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Discussiai 

1.  Clonal  Rhizome  Studies 


Evidence  has  been  presented  which  indicates  the  preference 
of  the  Vaccinium  species  for  a  shaded  habitat.  V,  canadense  exhibited 
the  widest  adaptability  of  the  species  involved  while  V,  vitis-idaea 
var.  minus  was  found  to  prefer  shaded  conditions  but  was  not  tolerant 
of  competition  from  low  growing  shrubs  and  herbaceous  plants.  Shade 
may  have  influenced  the  growth  and  extent  of  the  rhAzomes  of  both 
species.  With  increased  shade  the  depth  of  V.  canadense  rhizcmes 
decreased.  Under  heavily  shaded  conditions  the  rhizomes  of  V.  vitis- 
idaea  var.  minus  were  reduced  in  length  and  the  nimibers  of  decayed 
rhizome  ends  increased  indicating  possible  deleterious  effects  to 
this  species  from  such  conditions.  The  number  of  V.  vitis-idaea 
var.  minus  shoots  located  terminally  as  opposed  to  those  located 
at  mid-rhizome  positions  increased  with  increased  shade. 

The  depth  of  the  soil  organic  layer  apparently  had  an 
influence  upon  the  abundance  of  V.  canadense.  An  increase  in 
numbers  of  this  species  accoirpanied  an  increase  in  the  depth  of  the 
organic  layer.  Rhizcmes  of  both  V.  canadense  and  V.  vitis-idaea 
var.  minus  may  have  been  affected  by  the  extent  of  the  organic  layer 
on  the  soil.  A  decrease  in  depth  of  the  rhizomes  occurred  when  the 
depth  of  the  organic  layer  increased.  Possibly  a  greater  depth  of 
oig;anic  layer  provides  a  more  favorable  medium  for  the  rhizomes 
allowing  them  to  grow  closer  to  the  surface.  Similar  favorable 
effects  were  reported  by  Trevett  (19)# 


) 


1. 


>  I 


i 


i 


.  -  J 


-29' 


Differences  did  not  exist  in  soil  nutrient  levels  on  the 
experimental  area  involved.  The  pH  of  the  soil  did  differ  between 
locations.  A  decrease  in  soil  pH  was  accompanied  by  an  increase 
in  the  numbers  of  V.  canadense«  Possible  influence  of  pH  on  the 
rhizome  growth  and  extent  of  either  V.  cariadense  or  V.  vitis-idaea 
var,  minus  were  not  apparent. 

The  branching  of  the  rhizomes  of  both  V,  canadense  and 
V.  vitis-idaea  var.  minus  was  found  to  be  similar  to  the  branching 
of  above  ground  stems  and  branches.  If  this  comparison  is  valid 
then  the  proximal  and  distal  portions  of  a  rhizome  may  be  determined 
by  observation  which  may  have  practical  in^Dortance  when  propagating 
these  species  by  rhizome  cuttings,  Eggert  (7)  reported  that  rhizome 
cuttings  of  V,  angustifolium  produced  shoots  from  the  distal  portions 
and  roots  from  the  proximal  ends.  His  experiments  showed  that  cuttings 
with  the  proximal  ends  treated  with  rooting  hormone  produced  more 
roots  than  those  not  treated.  If  the  distal  ends  were  treated,  the 
resulting  shoot  growth  was  reduced  or  the  cutting  did  not  siirvive, 

Hhder  such  circumstances  the  ability  to  determine  the  proximal  and 
distal  portions  of  a  rhizome  by  observation  would  be  important. 

The  shoots  of  V.  vitis-idaea  var,  minus  were  found  to 
originate  frcsn  rhjLzames  at  a  greater  soil  depth  than  V.  canadense. 
Evidence  provided  by  the  present  investigation  does  not  support  the 
suggestion  by  Trevett  (19)  that  shoots  originate  at  a  shallow  soil 
depth  because  of  light  or  an  associated  stimulus.  Shoots  of  V,  canadense 


were  fo\md  to  originate  frcrni  depths  as  far  as  11  cm,  from,  the  surface 
and  V,  vitis-idaea  var,  minus  shoots  from,  as  far  as  22  cm.  Light  could 
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not  penetrate  to  these  depths*  V,  vitis-idaea  var,  minus  clones 
were  found  to  have  approocimately  twice  as  many  shoots  per  rhizome 
when  compared  to  V,  canadense.  The  majority  of  V.  canadense  shoots 
were  located  terminally  on  the  rhizome  whereas  the  reverse  was  true 
for  V.  vitis -idaea  var.  minus*  The  rhizomes  of  V*  canadense  were 
of  greater  diameter  and  more  subject  to  tropisms  when  con^ared  to 
V,  vitis  -idaea  var*  minus  rhiz canes  but  both  were  similar  in  that 
branching  was  often  dichotomous  and  the  growing  points  were 
characterized  by  leaf  scales*  Both  species  were  found  to  possess 
major  roots  as  well  as  an  abundance  of  fine  roots  which  spread 
through  the  surrounding  organic  matter  and  soil*  These  species 
did  not  possess  tap  roots  as  was  reported  by  Hall  (9)  for 
V*  angustifolium* 
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2.  Plant  and  Soil  Reaction  Studies 
(a)  Plant  foliage  and  soil  reaction  under  natural  conditions 

It  is  a  known  fact  that  the  pH  of  the  cell  sap  of  certain 
plant  species  is  higher  than  the  isoelectric  point  of  their  proteins. 
With  maturation  of  these  species  the  pH  of  the  cell  sap  approaches 
that  of  the  isoelectric  point  of  their  respective  proteins.  Pearsall 
et  (lli)  reported  on  the  isoelectric  points  of  a  number  of  proteins 
from  several  species  and  found  that  the  pH  of  these  were  normally  on 
the  alkaline  side  of  their  isoelectric  points,  Robertson  et  (15) 
found  the  sap  and  tissue  of  potato  tubers  to  be  acid.  However,  the 
acidity  was  not  uniform  and  tuber  parts  of  older  physiological  age 
were  more  acid.  Both  Pearsall  (lU)  and  Robertson  (l5)  found  that  a 
decrease  in  the  normal  physiological  activity  of  a  plant  was  accompanied 
by  a  change  of  the  pH  of  the  cell  sap  in  the  direction  of  the  pH  of 
the  isoelectric  point  of  the  plant  proteins,  Kramer  and  Schrader  (13) 
observed  that  the  acidity  of  the  leaf  sap  (including  the  titratable) 
acidity)  of  Vaccinium  corymbosum  was  very  high  compared  to  that  of 
other  plant  species.  Practically  all  acidifying  substances  were 
readily  water-soluble.  The  pH  of  the  isoelectric  point  of  the  water 
soluble  proteins  was  found  to  approximate  a  pH  of  5*0,  Leaves  of 
younger  physiological  age  were  found  to  have  a  lower  pH  than  mature 
leaves.  From  their  results  they  concluded  that  in  contrast  to  most 
plants,  the  pH  of  blueberry  leaf  sap  rises  towards  the  pH  of  the 
isoelectric  point  of  its  proteins  upon  senescence.  They  suggested 
that  because  the  pH  of  the  leaf  sap  of  V.  corymbosum  is  on  the  acid 
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side  of  the  isoelectric  point  of  its  soluble  protein  that  the  proteins 
being  amphoteric  in  nature  were  acting  as  cations.  Cain  et  a^.  iS) 
foimd  that  healthy  leaf  tissue  had  a  low  pH  and  a  low  basic  cation 
content,  whereas  with  chlorotic  tissue  the  reverse  was  the  case. 
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MATERIALS  AND  METHODS 

2,  Plant  and  Soil  Reaction  Studies 
(a)  Plant  foliage  and  soil  reaction  iinder  natural  conditions 

Ten  locations  were  chosen  at  the  Iftiiversity  Native  Fruit 
Station,  Rocky  Mountain  House,  Alberta.  Areas  fifteen  meters  square 
showing  relatively  uniform  conditions  of  shade,  slope  and  soil  moisture 
were  marked  with  stakes  at  each  location  during  June,  19^6.  The 
variation  in  elevations  between  locations  were  similar  to  those  of 
(1)  Clonal  Rhizome  Studies  (see  page  5).  A  description  of  each  loca¬ 
tion  follows: 

o 

A.  A  north-facing  slope  of  approximately  30  with  medium 
to  heaiy  shade  and  medium  elevation. 

B.  A  south-facing  slope  of  approximately  15°  with  open 
conditions  and  medium  elevation. 

C.  A  level  area  of  medium  shade  conditions  and  low  elevation. 

D.  A  south -facing  slope  of  approximately  10®  with  medium 
shade  conditions  and  low  elevation. 

E.  A  level  area  of  light  to  medium  shade  conditions  and 
lew  elevation. 

F.  A  level  area  of  very  heavy  shade  conditions  and  medium 
elevation. 

G.  A  south  west-facing  slope  of  approximately  5°  with  light 
shade  conditions  and  low  elevation. 

H.  An  east-facing  slope  of  approximately  5°  with  medium 
shade  conditions  and  low  elevation. 
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I.  An  east-facing  slope  of  approximately  10®  with  medium 
to  heavy  shade  conditions  and  medium  elevation. 

J.  A  level  area  of  open  conditions  and  high  elevation. 

Leaf  saii?)les  weighing  approximately  30  gms.  of  V.  canadense, 
V,  caespitosum  and  V.  vitis-idaea  var.  minus  were  collected  during  the 
summer  of  19^6  at  these  locations.  V,  canadense  was  present  at  all 
locations  whereas  V.  vitis-idaea  var.  minus  was  san^led  at  all  loca¬ 
tions  except  G  and  H.  V.  caespitosum  was  found  at  all  locations 
except  A,  G  and  J  but  leaf  samples  were  collected  only  at  locations 
D,  E  and  H  due  to  scarcity  of  this  species  at  the  other  locations. 

The  leaf  samples  including  all  leaves  (irrespective  of  position) 
from  a  number  of  plants  were  collected  on  the  following  dates  during 
1956:  June  22,  July  11,  August  12,  August  29,  and  September  II4.. 

The  samples  were  placed  in  sealed  polyethylene  bags  and  transported 
to  the  Iftiiversity  at  Edmonton.  The  samples  were  quick  frozen  and 
stored  until  the  late  fall  of  1956  when  they  were  removed  from  the 
freezer  and  allowed  to  thaw.  Duplicates  of  each  leaf  sample  were 
macerated  for  two  minutes  in  a  Waring  blender  with  distilled  water, 
the  ratio  of  leaves  to  water  being  1:10  by  volume.  The  pH  determina¬ 
tions  of  the  homogenate  were  made  after  a  lapse  of  30  minutes  with 
a  Beckman  Zercmatic  electrometer. 

Leaf  sanples  were  collected  from  the  same  locations  during 
1957  on  the  following  dates:  June  7,  August  2  and  September  1,  11, 
and  26.  Additional  collections  were  made  during  September  to  determine 
the  pattern  of  leaf  sap  pH  changes  during  plant  maturation.  The 
collections  made  on  September  26  were  at  the  time  of  leaf  fall  in  the 
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case  of  both  V,  canadense  and  V.  caespitosum*  During  1957>  samples  of 
V.  caespitosum  leaves  were  collected  from  all  the  locations  but  A,  G 
and  J,  The  samples  were  handled  in  the  same  manner  as  those  collected 
during  the  summer  of  1956,  The  pH  determinations  of  leaf  hanogenates 
were  made  during  the  late  fall  and  winter  of  1957.  Soil  samples  were 
taken  from  the  ■various  locations  during  August,  1957 •  Analyses  of 
these  samples  were  made  by  the  Spurway  method  (l8)  during  the  fall 
of  1958  after  being  air  dried  and  passed  through  a  5  mm.  sie've. 
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RESULTS 

2,  Plant  and  Soil  Reaction  Studies 
(a)  Plant  foliage  and  soil  reaction  \inder  natural  conditions 

The  pH  determinations  on  leaf  sap  of  the  three  species, 
Vaccinium  canadense,  Vaccinium  vitis-idaea  var.  minus  and  Vaccinium 
caespitosum  for  the  1956  growing  season  appear  in  Tables  21,  22  and 
23  in  the  ^pendix.  The  sap  pH  of  each  species  was  consistent 
irregardless  of  location,  therefore,  leaf  sap  reaction  was  not 
influenced  to  any  degree  by  variation  of  environmental  conditions. 
Analyses  of  the  soil  nutrient,  pH  and  the  leaf  sap  data  (see  Tables 
21,  22,  23  and  27  in  the  Appendix)  shows  that  there  was  no  correla¬ 
tion  between  the  edaphic  conditions  and  the  leaf  sap  acidity. 

Differences  in  leaf  sap  pH  between  the  three  species  were 
obvious  with  V,  canadense  being  the  most  acid,  V,  vitis-idaea  var. 
minus  the  least  acid  while  V,  caespitosum  occupied  an  intermediate 
positiOTi.  Seasonal  variations  in  the  pH  of  leaf  sap  of  each  species 
were  also  noticeable.  The  leaf  sap  of  V.  canadense  showed  an  increase 
in  pH  from  3*2  on  Jime  22  to  U*3  on  September  lit  (Table  21  in  the 
Appendix)  while  that  of  V.  caespitosum  increased  in  pH  from  3*6  on 
June  22  to  I4..6  on  September  lU  (Table  23  in  the  Appendix),  The  leaf 
sap  pH  of  V,  vitis-idaea  var.  minus,  on  the  other  hand,  showed  a 
decrease  in  pH  until  August  12  (from  k»S  to  U*6)  followed  by  an 
increase  (U*6  to  5*0)  from  August  12  to  September  ll;  (Table  22  in 
the  Appendix).  pH  differences  between  species  as  well  as  seasonal 
variation  of  leaf  sap  pH  during  1956  are  illustrated  in  Figure  1, 
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The  pH  determinations  of  leaf  sap  of  the  three  species, 

V.  canadense,  V.  vitis-idaea  var.  minus  and  V,  caespitosum  for  the 
1957  growing  season  appear  in  Tables  2U,  25  and  26  in  the  Appendix. 
Differences  in  sap  pH  which  existed  between  species  during  1957 
were  similar  to  those  which  occ\irred  during  1956.  Although  growth 
resumption  was  approximately  two  weeks  earlier  during  1957 >  the 
pattern  of  seasonal  increase  in  pH  was  similar  to  1956  with 
V,  canadense  and  V,  caespitosum  until  September  1.  After  this 
time  a  decrease  in  leaf  sap  pH  was  evident  with  both  species. 

The  leaf  sap  of  V,  canadense  showed  a  decrease  in  pH  from  U.3  to 
U.l  while  V.  caespitosum  leaf  sap  pH  decreased  from  U,6  to  U,5 
between  September  1  and  September  26.  The  leaf  sap  pH  of  V.  vitis- 
idaea  var.  minus  showed  a  very  similar  seasonal  pattern  to  that  of 
1956.  Once  again  as  in  1956  the  leaf  sap  pH  of  the  three  species 
was  apparently  not  influenced  by  differing  environmental  conditions. 
Differences  between  species  and  seasonal  variation  of  leaf  sap  pH 
during  the  1957  growing  season  are  illustrated  in  Figure  1. 
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Each  point  represents  an  average  of  all  the  determinations  made  for  each  species 
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DISCUSSICN 

2.  Plant  and  Soil  Reaction  Studies 
(a)  Plant  foliage  and  soil  reaction  under  natural  condltiona 

The  results  have  shown  that  no  apparent  correlation  existed 
between  the  leaf  sap  pH  of  V,  canadense,  V.  vitis-idaea  var.  inimjs 
and  V.  caespitosum  and  the  environmental  conditions  which  were  present 
during  the  course  of  the  investigation.  Leaf  sap  pH  was  indicative 
of  the  species  concerned  with  V.  canadense  being  the  most  acid, 

V.  caespitosum  occT:5)ying  an  intermediate  position  while  V.  vitis-idaea 
var,  minus  was  the  least  acid.  Seasonal-  determinations  of  leaf  sap 
pH  of  V,  canadense  and  V.  caespitosum  showed  increases  with  the 
advance  of  the  growing  season.  This  increase  with  ph3rsiolc^ical 
aging  of  the  leaves  is  in  agreement  with  the  results  of  Kramer  and 
Schrader  (13).  During  1957,  slight  decreases  in  leaf  sap  pH  of 
V.  canadense  and  V.  caespitosum  were  evident  at  the  end  of  the  grow¬ 
ing  season.  The  leaf  sap  pH  of  V.  vitis-idaea  var.  minus  did  not 
show  the  same  seasonal  pattern  of  increase  as  the  other  two  species. 
The  pH  decreased  during  the  growing  period  and  increased  only 
slightly  at  the  end  of  the  season.  This  pattern  of  change  may  be 
related  to  the  pseudo-evergreen  nature  of  this  species.  V.  vitis- 
idaea  var.  minus  does  not  follow  a  regular  pattern  of  leaf  fall  at 
the  end  of  each  growing  season.  Under  these  conditions  physiological 
aging  of  the  leaves  would  occur  over  a  period  of  more  than  one  growing 
season,  hence  the  leaf  sap  pH  would  be  relatively  constant  during  one 
season.  The  physiological  changes  associated  with  the  seasonal 
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changes  in  leaf  sap  pH  of  the  three  Vaccinium  species  were  not 


investigated  during  the  present  study,  therefore,  no  inferences 
can  be  made  in  this  regard. 


LITERATURE  REVIEW 


2.  Plant  and  Soil  Reaction  Studies 

(b)  The  influence  of  altered  soil  reaction  on  Vaccinium  canadense 
and  Vaccinium  vltis-idaea  var.  minus 

Stene  (17)  found  Vaccinium  corymb os urn  tolerated  rather  wide 
pH  units  in  the  rooting  medium,  especially  when  plant  nutrients  were 
present  in  adequate  amounts  during  the  growing  seeison.  He  suggested 
that  a  neutral  or  alkaline  growing  media  interfered  with  the  avail¬ 
ability  of  nutrients  and  blueberry  plants  grown  in  such  a  medium 
would  have  an  inadequate  supply.  Bailey  (1)  grew  V.  corymb  os  urn  in 
a  lime  treated  soil  and  found  that  the  lime  had  an  effect  which  was 
detrimental  to  the  growth  of  this  species.  Acid  soil  of  pH  U.5  was 
treated  with  lime  at  rates  of  1,000,  2,000,  l4.,000  and  8,000  lbs.  per 
acre.  These  treatments  raised  the  soil  pH  to  ^.0,  6.3  and  7«5 

respectively.  Very  low  applications  of  lime  (1,000  lbs.  per  acre) 
did  not  raise  the  soil  pH  appreciably  but  reduced  plant  growth  55 
per  cent.  Addition  of  peat  to  the  lime  treated  soil  reduced  the 
detrimental  effects  of  lime.  Harraer  (10)  carried  out  a  series  of 
field  and  greenhouse  experiments  to  investigate  the  influence  of 
soil  pH,  sulfur  and  lime  on  the  growth  of  the  highbush  blueberry, 
Vaccinium  corymb  os  urn  var.  Rubel.  Using  acid  (pH  3*6)  and  alkaline 
(pH  7.6)  muck  soil  and  various  mixtures  of  both,  a  greenhouse  experi¬ 
ment  was  set  up  to  determine  the  influence  of  the  resulting  soil  pH 
on  blueberry  growth.  Total  dry  wei^t  increased  slightly  with  a 
decrease  in  acidity  from  pH  3*5  to  5»1»  With  a  higher  proportion 
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of  alkaline  imick  and  a  resultant  higher  soil  pH,  the  total  weight  of 
the  plants  decreased  sharply,  especially  when  the  mixture  was  pre¬ 
dominantly  alkaline  muck.  The  ratio  of  top  to  root  was  uniform 
between  pH  3.6  to  With  a  higher  proportion  of  alkaline  muck, 

root  development  failed  to  keep  pace  with  top  growth  and  the  ratio 
increased.  During  the  second  year  of  growth  the  treatments  at 
pH  5*5  and  5.7  produced  the  highest  number  of  blossoms  and  fruits. 
Soil  analj^is  of  the  treatments  producing  poor  growth  (above  pH  5*7) 
showed  a  greater  amount  of  calcium,  magnesium  and  i;iitrate  present 
in  the  soil.  Plants  grown  under  very  alkaline  soil  conditions  were 
dead  at  the  end  of  the  first  growing  seascai, 

Harmer  (10)  applied  sulfur  to  alkaline  muck  soil  (pH  7.6) 
at  rates  from  2,000  to  16,000  lbs.  per  acre.  Plants  grown  in  the 
soils  of  highest  sulfur  application  (pH  U.O)  made  the  best  growth. 

As  with  the  soil  mixture  trials  (see  above)  the  plants  in  the  highest 
soil  pH  treatments  died  after  the  first  season's  growth.  Field 
application  of  sulfur  at  rates  from  500  to  U, 000  lbs.  per  acre  to 
soils  of  pH  5.8  to  6,2  acidified  the  soil,  the  lowest  pH  of  3.8 
to  U.2  resulting  from  the  U,000  lb,  application.  Records  on  yield 
of  fruit  for  a  period  of  eight  years  showed  correlated  increases 
with  increased  rate  of  application  of  sulfur. 

Kramer  and  Schrader  (12)  suggested  that  because  V. 
corymbosum  grows  on  acid  soil,  low  in  exchangeable  bases,  a  low 
cation  requirement  is  necessary  for  growth  under  such  conditions. 

Leaf  analysis  of  the  Rubel  and  Pioneer  varieties  of  V.  corymbosum 
by  Bailey  et  al.  (2)  showed  a  very  low  leaf -content  of  the  cations 
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potassium,  calcium  and  magnesium.  Spray  and  soil  applications  of 
magnesium  sulfate  did  not  appreciably  increase  the  leaf  content  of 
magnesium.  Bailey  suggested  that  if  the  blueberry  has  a  high  anion 
requirement,  the  anions  absorbed  must  be  other  than  phosphate  ions. 

The  results  obtained  by  Cain  (U)  with  V,  corymb  os  urn  grown 
in  sand  culture  indicated  that  ammonium  nitrogen  is  superior  to 
nitrate  nitrogen  as  a  nutrient  for  blueberries  and  in  fact  mai’"  be 
essential.  Nitrate  nitrogen  was  e-ven  found  to  be  detrimental  to 
the  plants.  He  obtained  evidence  that  ammonium  nitrogen  was 
associated  in  some  manner  with  iron  nutrition.  This  effect  was 
related  to  the  metabolic  function  of  iron,  since  plants  receiving 
nitrate  nitrogen  and  showing  iron  deficiency  syiiptoms,  contained 
just  as  much  or  more  iron  in  their  foliage  as  those  showing  no 
symptoms  of  deficiency.  Cain  suggested  that  one  reason  for  the 
failure  of  growth  of  blueberries  on  soils  of  slightly  acid,  neutral 
or  alkaline  reaction  might  be  a  deficiency  in  these  soils  of  ammonium 
nitrogen.  Soils  of  near  neutral  reaction  are  usually  favorable  for 
the  growth  of  nitrifying  organisms  resulting  in  a  high  concentration 
of  nitrates.  Hence  the  turn-over  of  ammonium  nitrogen  is  fast  under 
these  conditions.  In  acid  soils,  on  the  other  hand,  which  are  favor¬ 
able  for  blueberry  growth,  dinitrifying  organisms  predominate  and 
nitrate  is  converted  into  the  ammoniiam  form.  Cain  also  pointed  out 
that  soil  pH  may  not  necessarily  be  a  direct  controlling  factor  in 
iron  absorption  because  plants  growing  on  soils  of  relatively  high 
pH  often  contained  as  much  iron  in  their  foliage  as  thcs  e  growing 
in  soils  of  low  pH.  Cain  presented  data  showing  a  relationship 
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between  blueberry  leaf  chlorosis  on  the  one  hand  and  the  accumulation 
of  the  basic  cations  potassium,  calcium  and  magnesium  and  an  increase 
in  pH  of  the  leaf  tissue  on  the  other.  He  suggested  that  the  pH  of 
the  root  environment  may  influence  tissue  pH  and  possibly  the  con¬ 
centration  of  basic  cations.  Green  leaves  from  plants  grown  in  sand 
culture  at  pH  7«0  and  had  a  tissue  pH  of  U«1  and  3.3  respectively, 
but  showed  no  difference  in  basic  cation  content.  Plants  grown  in 
muck  soil  at  pH  3.5  had  a  basic  cation  content  of  69.2  and  were 
dark  green,  whereas  those  grown  in  soil  at  pH  6.5  had  a  basic  cation 
content  of  71.2  and  were  chlorotic.  The  difference  in  leaf  sap  pH 
was  apparently  not  due  to  differences  in  basic  cation  content  and 
hence  may  have  been  the  result  of  increased  organic  acid  production 
by  the  plants  when  grown  in  acid  soil.  In  such  a  system  then,  the 
leaf  sap  pH  may  be  determined  by  the  balance  between  basic  cations 
absorbed  and  the  organic  acids  produced  within  the  plant.  Further¬ 
more,  it  might  be  assumed  that  the  cations  calcium,  magnesium  and 
potassium  \rtiich  constitute  the  bulk  of  basic  cations  absorbed  by  a 
plant  might  be  a  regulating  factor  in  the  function  of  iron,  through 
their  effect  on  the  plant  buffer  system.  Cain  suggests  that  there 
is  a  specific  low  pH  optimum  for  a  blueberry  enzyme  mechanism 
involving  iron  which  is  inactivated  by  such  factors  as:  a  lack 
of  iron,  high  tissue  pH  and  the  presence  of  certain  heavy  metals. 

The  inactivation  of  this  enzyme  system  results  in  leaf  chlorosis. 
Further  work  by  Cain  et  (5)  with  chlorotic  and  healthy  leaf 
tissue  of  V,  corymb osum  indicated  that  the  concentration  of  soluble 
nitrogenous  constituents,  such  as  arginine,  were  much  higher  in 
chlorotic  leaves  than  in  green  leaves. 
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Darrcw  (6)  reported  on  the  low  tenperature  dormancy 


requirements  of  V.  corymb  os  um  and  V,  ashei  plants.  He 
V.  corymb  os  um  required  a  minimum  of  800  hours  at  hS^  F 
whereas  V.  ashei  required  only  250  hours. 
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materials  and  methcds 


2*  Plant  and  Soil  Rgaction  Studies 

(b)  Tlie  influence  of  altered  soil  reaction  on  Vaccinium  canadense 
and  Vaccinium  vitis-idaea  'var.  minus 

Forty  V.  canadense  rhizome  sections  of  similar  diameter 
and  1$  cm.  in  length  with  one  above  ground  shoot  per  section  and 
200  V,  vitis-idaea  var,  minus  sections  of  similar  diameter  and 
1$  cm*  in  length  with  one  shoot  per  section  were  taken  from  the 
Native  Fruit  Station  at  Rocky  Mountain  House  during  early  May, 

1956,  and  transferred  to  the  University.  The  sections  of  V, 
canadense  were  planted  three  per  23  cm,  pot,  using  a  2:1  mixture 
of  Native  Fruit  Station  top-soil  and  Edmonton  top-soil.  The 
V.  vitis-idaea  var.  minus  sections  were  planted  five  per  23  cm, 
pot  using  a  similar  soil  mixture.  All  plants  were  plunged  into 
the  soil  to  full  pot  depth  in  an  area  of  semi-shade  and  kept 
moistened  until  Noveniber  U,  1956.  At  this  time  the  plants,  which 
had  entered  a  state  of  winter  dormancy,  were  lifted  and  placed  in 
controlled  temperature  storage  at  a  temperature  of  314.^  F* 

Preliminary  soil  amendment  trial 

Preparatory  to  adjusting  the  pH  of  the  soil  used  for  growing 
the  plants,  preliminary  tests  were  run  on  sauries  of  the  soil  mixture, 
pH  determinations  were  also  run  on  both  the  Native  Fruit  Station  soil 
and  the  Edmonton  soil  prior  to  any  mixing.  The  soils  were  then 
mixed  and  samples  taken  for  pH  deteiminations .  All  pH  determinations 
were  made  with  a  Beckman  Zercxnatic  electrometer.  Twenty  1,CX)0  gm. 
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samples  were  then  taken  from  the  soil  mixture  and  the  following 
treatments  applied  in  duplicate. 

1.  Control  Treatment 

No  chemicals  were  added  to  this  soil,  however,  it  was 
subjected  to  the  same  conditions  of  moistening  with  distilled 
water  and  drying  as  the  other  treatments. 

2,  Calcium  Hydroxide  Treatments 

These  treatments  involved  the  addition  of  calcium  hydroxide 
to  amend  the  soil  reaction  to  an  alkaline  condition.  There  were 
five  calcium  hydroxide  treatments  which  are  outlined  in  Table  8, 

Table  8,  Rate  of  calcium  hydroxide  application  in  gms.  per  1000 
gms.  of  soil  and  in  lbs.  per  acre  of  soil  6  inches 
in  depth 


Treatments 

Ca  (CJl)2  per  1000  gms.  of  soil 

Ca  (CK)2  per  acre 

1 

0.30 

600 

2 

0.90 

1800 

3 

1,20 

2U00 

k 

1.80 

3600 

5 

2.10 

U200 

The  untreated  soil  was  placed  in  glazed  earthenware  crocks 
of  U«5  liter  capacity,  provided  with  adequate  drainage,  and  sub¬ 
jected  to  the  following:  Each  treatment  was  moistened  thoroughly 
with  distilled  water  and  allowed  to  stand  for  twenty-four  hours. 
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They  were  then  spread  out  to  air  dry,  After  reaching  an  air  dried 
condition,  the  soil  wais  returned  to  the  crocks  and  moistened  thoroughly 
again.  This  procedure  was  repeated  six  times  and  pH  determinations 
were  made, 

3*  Sulfuric  Acid  Treatments 

In  these  treatments  sulfuric  acid  was  used  to  amend  the  soil 
reaction  to  an  acid  condition.  Four  lots  of  soil  were  placed  in  U,5 
liter  earthenware  crocks,  with  drainage  provided,  to  which  1,2^0  cc,  of 
sulfuric  acid  was  added  per  1,000  gms,  of  soil.  The  concentration  of 
acid  per  treatment  is  shown  in  Table  9. 

Table  9«  Concentration  of  sulfuric  acid  application  to  1000  gm,  soil 
sauries  and  the  equivalent  rate  of  sulfm:  explication  in 
lbs,  per  acre  of  soil  6  inches  in  depth 


Treatments 

Sulfuric  Acid 
Concentration 

Rate  of  Sulfur  Application 
per  acre 

1 

0.1  N 

130 

2 

0.5  N 

65o 

3 

1.0  N 

1300 

k 

10.0  N 

13000 

The  acid  was  allowed  to  drain  through  the  soil  of  the  various 
lots  of  soil  for  2U  hours.  After  draining  for  this  period,  2,000  cc, 
of  distilled  water  was  used  to  leach  the  soil.  This  leaching  with 
distilled  water  was  repeated  and  the  crocks  were  allowed  to  drain  for 
another  2U  hours.  The  soil  from  the  various  treatments  was  then  spread 
out  to  air  dry.  After  reaching  an  air  dried  condition,  the  soil  was 
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returned  to  the  crocks  and  moistened  thoroughly  with  distilled  water. 
The  procedure  of  moistening  and  air  drying  was  repeated  seven  times 
and  the  pH  was  determined  on  November  26,  1956.  The  reaction  of 
both  acid  and  alkaline  treatments  were  found  to  remain  relatively 
constant  during  the  last  three  periods  of  leaching  and  drying. 
Analysis  of  all  soil  treatments  for  nitrate,  ammonium,  phosphoric 
acid,  potassium,  aluminum,  iron,  calcivan,  sulfate  and  manganese  were 
carried  out  using  the  Spurway  method  (18), 

1957  -  1958  altered  soil  reaction  experiment  with  V.  canadense  and 
V,  vitis-idaea  var.  minus 

From  the  results  of  the  preliminary  test  the  rates  of 
sulfuric  acid  and  calcium  hydroxide  application  were  selected  with 
which  to  amend  the  reaction  of  the  soil  to  the  desired  range  of  pH 
for  preparing  the  treatments  to  be  used  with  both  V.  canadense  and 
V.  vitis-idaea  var,  minus.  Five  lots  of  36,k  kg.  of  the  2:1  soil 
mixture  were  placed  in  67*5  liter  glazed  crocks  and  the  following 
rates  of  sulfuric  acid  and  calcium  hydroxide  applied: 

(1)  U5  liters  of  1.0  N  sulfuric  acid,  an  equivalent  of  1,300  lbs. 
of  sulfur  per  acre  of  soil  6  inches  in  depth, 

(2)  liters  of  0,1  N  sulfuric  acid,  an  equivalent  of  130  lbs.  of 
sulfur  per  acre  of  soil  6  inches  in  depth. 

(3)  No  chemicals  used, 

(U)  U25*0  grams  of  Ca  (CH)^,  an  equivalent  of  2,U00  lbs.  per  acre 

of  soil  6  inches  in  depth, 

(5)  850,5  grams  of  Ca  (0H)2i  an  equivalent  of  Uj800  lbs,  per  acre 

of  soil  6  inches  in  depth. 
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Thoso  soil  treatments  were  made  in  a  manner  similar  to  those  of  the 
preliminary  trial  and  were  leached  and  dried  six  tines,  Sanples 
from  each  lot  were  removed  for  soil  analysis  on  March  1957. 

Plants  of  V,  canadense  and  V,  vitis-idaea  var,  minus  were 
removed  from  the  cold  tenqjerature  chambers  on  February  1,  1957 >  and 
March  1,  1957,  and  placed  under  greenhouse  conditions.  Single  plants 
of  V,  canadense  were  planted  in  2,3  kg.  of  soil  per  23  cm,  clay  pot. 

Two  plants  per  soil  treatment  were  prepared  at  both  dates.  Five 
plants  of  V,  vitis-idaea  var,  minus  were  planted  in  2,3  kg,  of  soil 
in  a  23  cm.  clay  pot.  Two  pots  with  five  plants  per  pot  were  prepared 
for  each  soil  treatment  on  both  dates.  Plants  of  as  uniform  a  size 
as  possible  were  used.  The  plants  were  watered  with  distilled  water 
at  regular  intervals  throughout  their  period  of  growth,  using  approxi¬ 
mately  200  ml,  per  pot  every  two  days. 

Following  a  season’s  growth  in  the  greenhouse  on  November  1, 

1957,  the  potted  plants  of  both  V,  canadense  and  V,  vitis-idaea  var. 

0 

minus  were  placed  under  cold  storage  conditions  at  3U  F,  to  fulfill 
their  winter  dormancy  requirement.  The  ten  pots  (five  treatments  in 
duplicate)  of  each  species  were  placed  again  imder  greenhouse  conditions 
on  Febriiary  1,  1958,  and  March  1,  19^8,  and  grown  on  for  a  second  season. 

The  soil  reaction  of  the  various  treatments  with  V,  canadense 
and  V.  vitis-idaea  var.  minus  were  determined  during  the  first  year  on 
March  5,  1957,  and  August  15,  1957.  During  the  second  year  pH  determina¬ 
tions  were  made  on  April  2,  1958,  and  November  1,  1958.  Analysis  of 
soil  samples  from  the  various  treatments  with  both  species  were  carried 
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out  at  the  beginning  of  the  esqjeriment  during  Inarch,  1957,  and  after 
its  coiupletion  during  December,  1958*  The  le'vels  in  p.p.m,  of  avail¬ 
able  nitrate,  ammonium,  phosphate,  potassium,  aluminum,  iron,  calcium, 
magnesium  and  sulfate  were  determined. 

Differences  in  the  growth  of  each  species  in  response  to  the 
soil  treatments  were  noted  throughout  both  the  1957  and  1958  growing 
seasons  and  the  data  recorded.  The  total  linear  growth  in  cm,  of  the 
V.  canadense  plants  for  each  of  the  various  treatments  was  determined 
at  the  end  of  the  first  season's  growth  on  October  31,  1957,  and  at 
the  end  of  the  second  season's  growth  on  October  30,  1958.  Vernier 
calipers  were  used.  A  count  of  the  actively  growing  shoots  of 
V,  vitis-idaea  var.  minus  per  pot  was  made  at  the  end  of  the  second 
growing  season  on  October  31,  1958. 

At  the  end  of  the  second  growing  season  on  November  2,  1958, 
all  plants  were  removed  from  the  pots  and  the  soil  carefully  washed 
from  the  roots.  Oven-dry  wei^t  in  gms.  of  roots,  riiizomes  and 
plants  were  determined  for  each  treatment  and  each  species  during 
November,  1958 . 

1958  altered  soil  reaction  experiment  with  V.  canadense  and  V,  vitis- 
idaea  var,  minus 

The  experiment  carried  out  in  1957,  was  repeated  with  the 
same  two  Vaccinium  species.  Forty,  l5  cm,  rhizcanie  sections  of 
V,  canadense  and  two  hundred,  15  cm.  riaizome  sections  of  V,  vitis- 
idaea  var.  minus  having  one  above  ground  plant  attached  were  taken 


frcHu  the  Native  Fruit  Station  and  transferred  to  the  University 


> 


r 


I 


■  f 


( 


-52- 


d\3ring  April,  1957.  The  sections  were  planted  in  a  2:1  mixture  of 
Native  Fruit  Station  and  Edmonton  soil  in  23  cm.  clay  pots  and 
handled  in  a  manner  identical  to  those  of  1956.  After  entering  a 
state  of  winter  dormancy  on  November  1,  1957 >  they  were  placed  in 
a  controlled  ten5)erature  chamber  at  a  tenqjeraturc  of  3U°  F. 

The  procedure  for  amending  the  soil  reaction  to  the  desired 
range  of  pH  for  conducting  the  1958  experiment  was  the  same  as  for 
the  1957  experiment  but  with  the  following  adjustments: 

Soil  lot  No.  To  36. U  kg.  of  the  2:1  soil  mixture  850*5  gms.  of 
Ca  (OH)^  was  applied,  the  equivalent  of  U,800  lbs.  per  acre  of 
soil  6  inches  in  depth. 

Soil  lot  No.  5.  To  36. U  kg.  of  the  2:1  soil  mixture  UO  oz,  Ca  (0H)2 
was  applied,  the  equivalent  of  6,1;00  lbs.  per  acre  of  soil  6 
inches  in  depth. 

The  plants  of  V.  canadense  and  V.  vitis-idaea  var.  ndnus 
were  removed  from  the  controlled  teiiq)erature  chambers  on  Febriiary  1, 

1958,  and  March  1,  1958,  and  placed  under  greenhouse  conditions. 

Single  plants  of  V.  canadense  were  planted  in  2.3  kg.  of  soil  per  liter 
glazed  earthenware  crock  with  proper  drainage  supplied  by  small  washed 
gravel.  Two  crocks,  each  with  a  single  plant,  were  prepared  for  each 
soil  treatment  at  both  dates.  Five  plants  of  V.  vitis-idaea  var.  minus 
were  planted  in  2,3  kg.  of  soil  per  U*5  liter  glazed  crock.  Two  crocks, 
each  with  five  plants,  were  prepared  for  each  soil  treatment  at  both 
dates.  The  plants  of  both  species  were  selected  for  uniformity  of  size 
when  planted.  The  plants  were  watered  regularly  by  applying  200  ml.  of 
distilled  water  per  crock  every  other  day. 
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The  soil  reactions  of  the  various  treatments  were  determined 
on  April  2,  1958>  and  November  1,  1958 •  Analysis  of  soil  sanples  from 
the  various  treatments  were  carried  out  during  March,  1958,  and 
December,  1958.  The  level  in  p.p.m,  of  available  nitrate,  ammonium, 
phosphate,  potassium,  aluminum,  iron,  calcium,  magnesium  and  sulfate 
were  determined  at  both  dates  using  the  Spurway  method  (18), 

Differences  in  growth  response  of  both  species  were  noted 
during  the  growing  seasoi  and  the  necessary  data  recorded.  The  total 
linear  growth  in  cm.  of  the  V,  canadense  plants  for  the  various  treat¬ 
ments  was  determined  at  the  end  of  the  season  on  October  30,  1958. 

The  active  shoots  of  V.  vitis-idaea  var.  minus  were  counted  on 
October  31,  1958.  The  plants  of  both  species  were  remold  from  the 
crocks  on  November  5,  1958,  and  the  soil  carefully  washed  froa  the 
roots.  Oven-dry  weight  in  gms.  of  roots,  rhizomes  and  shoots  of 
both  species  were  determined  for  each  treatment  during  November,  1958. 


>> 


RESULTS 


2 •  Plant  and  Soil  Reaction  Studies 

(b)  The  influence  of  altered  soil  reaction  on  Vaccinium  canadense 
and  Vaccinium  vitis-idaea  var.  minus 

Prelim.i.nary  soil  amendment  trial 

The  pH  determinations  of  Native  Fruit  Station  soil,  Edmonton 
black  soil  and  the  2:1  mixture  of  the  two  soils  is  presented  in  Table  10, 

Table  10,  A  con^jarison  of  soil  reactions  of  basic  soils  and 
basic  soil  mixture 


Soil 

pH 

Edmonton  black 

6,3 

Native  Fruit  Station 

5.5 

2:1  soil  mixture 

6,0 

Each  figure  represents  an  average  of  duplicate  determinations 


The  soil  reaction  resulting  from  the  application  of  the 
amendments,  sulfuric  acid  and  calcium  hydroxide  followed  by  leaching 
and  drying,  as  determined  on  November  18  and  November  26,  1956,  are 
presented  by  Table  28  in  the  Appendix,  The  application  of  the 
amendments  resulted  in  a  wide  variety  of  soil  reactions  ranging  from 
the  acid  side  to  pH  3*3  and  on  the  alkaline  side  to  pH  7*5  from  the 
control  treatment  of  pH  6,2, 
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The  effects  of  the  addition  of  these  amendments  on  the 
nutrient  levels  and  a van  lability  of  nutrients  in  the  soil  is  pre¬ 
sented  in  Table  29  in  the  Appendijc.  The  acid  applications  increased 
the  amount  of  sulfate  in  the  soil  from  nil  to  200  p*p.m,  with  the 
application  of  10.0  N  sulfuric  acid.  The  acid  leaching  removed  all 
the  calcium  and  nitrates  which  were  present  in  the  untreated  soil 
mixture  in  relatively  small  amounts.  The  treatment  with  acid  and 
the  resulting  acidification  of  the  soil  was  apparently  \infavorable 
to  the  action  of  nitrate -foimlng  bacteria  in  producing  nitrate. 

The  available  aluminum  increased  to  a  toxic  level  in  the  treatment 
to  which  the  highest  concentration  of  acid  was  added,  however,  no 
appreciable  change  in  the  levels  of  ammonium,  phosphorus,  potassium, 
iron  or  magnesium  occurred.  The  application  of  calcium  hydroxide 
affected  a  correlated  increase  in  the  amount  of  calcium  in  the  soil. 
Apparently  the  increased  amount  of  calciiim  in  the  soil,  even  at  low 
levels,  is  favorable  to  the  action  of  nitrate -forming  bacteria  as 
an  increase  in  soil  nitrate  occurred  even  with  the  lowest  application 
of  calcium  hydroxide.  The  amount  of  ammonium,  phosphorus,  potassium, 
aluminum,  iron,  magnesium  or  sulfate  initially  present  in  the  soil 
did  not  change  \:5)on  application  of  calcium. 

1957-58  experiment  with  V.  canadense  plants  brought  under  greenhouse 
conditions  on  February  1,  1957>  and  February  1,  1958 

The  results  of  soil  pH  determinations  during  the  growing 
seasons  of  1957  and  1958  of  the  treatments  of  V.  canadense  plants 
brou^t  under  greenhouse  conditions  February  1,  1957 >  and  February  1, 
1958,  are  presented  in  Table  11. 
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Table  11.  V,  canadense.  Seasonal  vaiiation  in  pH  of  soil  treatments 
with  plants  grown  from  February  1,  1957  to  November  1, 

1958 


Treatments 

Dates 

March  5> 
1957 

August  15, 
1957 

April  2, 
1958 

November  1, 
1958 

1 

3.0 

3.U 

3.5 

3.6 

2 

5.5 

5.5 

5.6 

5.6 

3 

6.2 

6.5 

6.5 

6.5 

U 

7.0 

7.0 

7.1 

7.1 

5 

7.U 

7.3 

7.U 

7.5 

Each  figure  represents  an  average  of  determinations  of  di^Dlicate 
treatments 


All  treatments  showed  fluctuation  in  pH,  the  greatest 
occurring  in  the  most  acid  treatments.  These  pH  changes  might  have 
been  the  result  of  leaching  away  of  the  chemicals  used  as  amendments. 
The  results  of  soil  analysis  carried  out  at  the  beginning  of  the 
experiment  on  February  9j  19^75  and  after  its  cccipletion  on  November  1, 
1958,  are  presented  in  Table  30  in  the  Appendix.  The  nitrate  content 
of  treatments  U  and  5  were  higher  than  the  other  treatments  for  both 
analyses.  The  calcium  content  of  the  soils  of  treatments  1  and  2 
was  considerably  less  than  that  of  treatment  3.  Calcium  level  cf 
treatments  U  and  5  increased,  with  increased  rates  of  calcium  hydroxide 
application.  Sulfate  reached  a  high  level  in  treatment  1  and  showed 
a  decrease  with  a  decrease  in  application  (treatment  2).  Analyses 
showed  treatments  3j  h  and  5  had  no  detectable  amount  of  sulfate 
present  at  either  date.  No  appreciable  differences  existed  between 
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treatments  in  the  le'vels  of  phosphorus,  potassium,  aluminum,  iron  and 
magnesium.  The  nutrients,  phosphorus,  potassium,  iron,  calcium  and 
magnesium  showed  increases  with  the  last  date  of  analyses.  Apparently 
the  availability  of  these  nutrients  increased  during  the  course  of 
the  investigation. 

The  linear  growth  in  cm.  of  V,  canadense  plants  grown  in 
the  five  soil  treatments  is  presented  in  Table  12.  The  linear  growth 
was  determined  at  the  end  of  the  first  growing  season  on  October  31, 
1957,  and  at  the  end  of  the  second  growing  season  on  November  1,  1958- 

Table  12.  V,  canadense.  Linear  growth  in  cm.  of  shoots  during 
the  19^7  and  1958  growing  seasons 


Treatments  _ Years _  Total 

.  1957  1958 


1 

U3.5 

159.5 

203.0 

2 

62. C 

196.0 

258.0 

3 

23.5 

130.0 

153.5 

h 

11.5 

33.5 

U5.0 

5 

3.0 

6.5 

9.0 

Each  figure  represents  the  average  of  di^jlicate  treatments 

The  plants  grown  in  soil  treatment  2  (pH  5*5  -  5*6)  made  the  most 
linear  growth.  A  decrease  in  growth  occurred  with  a  decrease  in 
pH  (treatment  1).  With  treatments  3,  U  and  5,  an  increase  in  pH 
was  acccii^janied  by  a  correlated  decrease  in  plant  growth. 
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The  oven-dry  weight  in  gms.  of  V.  canadense  plants  grown 
in  the  amended  soil  reaction  treatments  is  presented  in  Table  13. 


Table  13.  V.  canadense.  Oven-dry  weigjit  in  gms.  of  roots, 
rhizomes  and  shoots  grown  from  February  1,  1957 , 
to  November  1,  1958 


Treatments 

Roots 

Rhizomes 

Shoots 

Total 

1 

11.0 

7.0 

5.0 

23.0 

2 

13.5 

6.0 

9.5 

29.0 

3 

1.5 

U.o 

3.5 

9.0 

U 

0.5 

2.0 

1.0 

3.5 

5 

0.5 

1.0 

0.5 

2.0 

Each  figure  represents  an  average  of  duplicate  treatments 


The  oven-dry  weight  of  the  plants  grown  in  the  various  treatments 
shewed  the  same  trend  of  growth  response  as  the  data  on  linear 
growth.  The  plants  of  treatment  2  (pH  5*5  -  5*6)  had  the  highest 
oven-dry  weight  followed  by  plants  of  treatment  1  (pH  3*0  -  3*6). 

The  plants  of  treatments  3a  h  and  5  showed  correlated  decreases  in 
oven-dry  weight  with  increased  pH  of  the  soil  treatments. 

Plants  brou^t  under  greenhouse  conditions  on  March  1,  1957a  and 

March  1,  1958 

The  soil  pH  determinations  made  during  the  growing  seasons 
of  1957  and  1958  with  V.  canadense  brought  under  greenhouse  condi¬ 
tions  March  1,  1957a  and  March  1,  1958,  are  presented  in  Table  II4.. 


1 


*■ 


■  ^  .  I 


/•» 


1 

i 


in 


"  i.  •. 


■j 


\ 


[  '■  t 


1  i: .  'I 


1 

{ 


-59- 


Table  lU.  V.  canadense.  Seasonal  variation  of  the  pH  of  soil 
treatments  with  plants  grown  from  March  1,  1957 >  to 
November  1,  1958 


Treatments 

Dates 

March 

1957 

August  15, 
1957 

April  2, 
1958 

November  1, 
1958 

1 

3.0 

3.6 

3.7 

3.7 

2 

5.5 

5.6 

5.5 

5.5 

3 

6.2 

6.I4. 

6.U 

6.6 

h 

6.9 

7.2 

7.1 

7.0 

5 

7.U 

7.5 

7.3 

7.U 

Each  figure  represents  an  average  of  d\q)licate  treatments 

The  soil  used  for  these  treatments  were  from  the  same  soil 
lots  used  for  the  experiments  started  February  1,  1957*  The  pH  of 
corresponding  treatments  for  both  experiments  are  similar  and  shew 
the  same  seasonal  changes  (Tables  11  and  lli.).  The  soil  treatments 
were  also  very  similar  in  nutrient  levels  for  both  experiments  for 
the  same  reasons.  The  results  of  soil  analysis,  carried  out  at  the 
beginning  of  the  experiment  on  March  6,  1957 >  and  after  its  coirpletiOTi 
on  November  1,  1958,  are  shown  in  Table  31  in  the  ^pendix,  CcHi5)arison 
of  data  from  Table  30  in  the  Appendix  and  Table  31  in  the  Appendix 
shows  the  similarity  of  nutrient  levels  of  corresponding  soil  treatments. 

The  linear  growth  in  cms.  of  V.  canadense  plants  brought 
under  greenhouse  conditions  on  March  1,  1957 >  and  1958  and  grown 
in  the  five  treatments  of  amended  soil  reaction  are  presented  in 
Table  15. 
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Table  15.  V.  canadense.  Linear  growth  in  cms,  of  shoots  during 
the  19^7  and  19^8  growing  season 


Treatments  _ Years _  Total 

1957  1958 


1 

151.0 

175.5 

326.5 

2 

157.0 

287.0 

m.o 

3 

26.0 

81.0 

107.0 

k 

8.0 

25.0 

33.0 

5 

8.0 

7.0 

15.0 

Each  figure  represents  an  average  of  duplicate  treatments 

The  growth  response  of  the  plants  was  similar  to  that  of 
the  plants  from  the  experiment  started  on  February  1,  1957  (Table  12), 
The  plants  grown  in  treatment  2  (pH  5«5  -  5*6)  made  the  most  linear 
growth  followed  by  plants  of  treatment  1  (3,0  -  3*7 )•  Amount  of 
linear  growth  decreased  with  the  increase  in  pH  of  soil  treatments 
3j  k  and  5.  A  comparison  of  the  total  linear  growth  of  plants  brought 
under  greenhouse  conditions  on  February  1  (Table  12)  to  those  brought 
under  greenhouse  conditions  on  March  1  (Table  l5)  shows  a  greater 
growth  response  of  the  latter  which  may  be  related  to  the  dormancy 
requirement  of  V.  canadense.  The  V,  canadense  treatments  removed 
from  controlled  tenperature  storage  at  3U^  F.  on  February  1,  1957, 
would  have  had  2,136  hours  whereas  those  removed  on  March  1,  1957, 
would  have  had  2,808  hours  at  this  tenperature.  Possibly  the 
additional  672  hours  at  3U°  F,  received  by  the  V,  canadense  plants 
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removed  on  Maxch  1,  1957,  were  necessary  to  fulfill  the  dormancy 
requirements  of  this  species,  the  favorable  effect  being  expressed 
by  increased  grcwth  response. 

The  oven -dry  weights  in  gms.  of  V.  canadense  plants  grown 
in  the  amended  soil  reaction  treatments  are  presented  in  Table  16. 


Table  16.  V.  canadense.  Oven-dry  weight  in  gms,  of  roots, 
rhizomes  and  shoots.  Plants  grown  from  March  1, 
1957,  to  November  1,  1958 


Treatments 

Roots 

Rhizomes 

Shoots 

Total 

1 

8.5 

5.0 

11.5 

25.0 

2 

10.0 

7.5 

13.0 

30.5 

3 

2.0 

U.o 

U.5 

10.5 

h 

0.5 

2.5 

1.0 

U.o 

5 

0.5 

1.0 

0.5 

2.0 

Each  figure  represents  an  average  of  diiplicate  treatments 


The  oven -dry  weight  data  expressed  the  same  trend  in  growth  response 
as  that  of  the  oven-dry  weights  of  plants  removed  from  cold  storage 
on  February  1,  1957.  Plants  of  treatiaents  1  and  2  had  the  greatest 
total  wei^t.  The  oven-dry  weight  of  the  plants  grown  in  treatments 
3,  U  and  5  showed  a  decrease  in  wei^t  with  increased  soil  pH,  The 
magnitude  of  the  differences  in  growth  response  of  V.  canadense 
plants  grown  in  the  amended  soil  reaction  treatments  are  shown  in 
Figure  2. 
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1958  experiment  with  V,  canadense  plants  brou^t  under  greenhouse 
conditions  on  February  1,  1958,  and  March  1,  1958 

The  experiments  started  during  the  spring  of  1957  were 
repeated  with  plants  brought  under  greenhouse  conditions  on 
February  1  and  March  1,  1958.  The  pH  determinations  of  the  amended 
soil  treatments  used  for  both  dates  are  presented  in  Table  32  in 
the  Appendix.  A  ccsspariscn  of  the  pH  of  the  soil  treatments  used 
for  the  experiments  initiated  in  1957  (Tables  11  and  lU)  to  those 
of  the  present  experiments  (Table  32  in  the  Appendix)  shows  a 
difference  in  pH  between  corresponding  treatments.  Treatment  3 
of  the  1958  experiments  was  more  acid  than  the  corresponding  treat¬ 
ment  of  1957  (pH  5*6  coii5)ared  to  6.5)  because  the  basic  soils  were 
of  lower  pH,  The  pH  of  treatments  1  and  2  showed  decreases  for  the 
same  reason.  The  increase  in  pH  of  treatments  U  and  5  was  due  to 
an  increase  in  the  rate  of  application  of  calcium  hydroxide  to  these 
treatments. 

A  coii?)arison  of  the  data  from  Tables  30  and  31  in  the 
Appendix  to  Tables  3U  and  35  in  the  Appendix  shows  the  similarity 
of  nutrient  levels  of  the  amended  soils  used  for  the  1958  experiments 
and  the  experiments  initiated  in  1957.  Again  as  was  noted  with  the 
earlier  experiments  the  soil  treatments  of  high  pH  (treatments  3>  U 
and  5)  showed  increased  levels  of  nitrate  nitrogen  idiereas  sulfate 
was  not  detectable.  Increases  in  calcium  accompanied  increased  rate 
of  calcium  hydroxide  application.  With  the  treatments  of  low  pH 
(treatments  1  and  2)  the  level  of  siilfate  increased  with  increased 
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Range  of  pH  3*0  to  3.7 


Range  of  pH  5.5  to  5.6 


3 

Range  of  pH  6.2  to  6,6 


U  5 

Range  of  pH  6.9  to  7.2  Range  of  pH  7*3  to  7.5 


FIG.  2.  The  growth  made  by  V.  canadense  plants  after  106  days  in  soils  of 
varied  pH  under  greenhouse  conditions 


concentration  of  sulfuric  acid  application.  The  nutrients,  potassium, 
calcium  and  sulfate  shewed  increased  availability  in  the  last  analyses 
(November  1,  1958). 

The  linear  growth  of  V.  canadense  plants  brought  under 
greenhouse  conditions  on  February  1,  1958,  and  March  1,  1958,  and 
grovm  in  the  five  treatments  of  amended  soil  until  November  1,  1958, 
are  presented  in  Table  33  in  the  Appendix,  Differences  in  growth 
response  between  treatments  were  similar  to  those  of  the  experiments 
initiated  during  1957  (Tables  22  and  l5).  The  oven.Kiry  weight  in 
gms,  of  the  V.  canadense  plants  presented  in  Table  36  in  the  Appendix 
also  show  a  similar  relationship  between  treatments  in  growth  response. 

1957-58  experiment  with  V.  vitis -idaea  var,  minus  plants  brought  under 
greenhouse  conditions  on  February  1,  1957 »  and  February  1,  1958 

The  results  of  soil  pH  determinations  of  the  V,  vitis -idaea 
var.  minus  treatments  during  the  1957  and  1958  growing  seasons  are 
presented  in  Table  17. 

The  soil  treatments  shewed  fluctuation  in  pH,  the  largest 
occurring  with  the  most  acid  treatment.  Similar  fluctuation  in  pH 
of  the  soil  treatments  with  V.  canadense  (page  56)  was  attributed 
to  leaching  away  of  the  chemicals  used  for  amendments.  The  pH  of 
the  soil  treatments  in  the  experiments  with  V.  vitis -idaea  var,  minus 
(Table  17)  correspond  closely  with  the  pH  of  the  soil  treatments  with 
V,  canadense  (Tables  11  and  lU). 
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Table  17«  V.  vitis-idaea  'var.  minua*  Seasonal  variation  of  the  pH 
of  soil  treatments  with  plants  grown  from  Febmary  1, 
1957,  to  November  1,  1958 


Treatments 

Dates 

March  5, 
1957 

August  15, 
1957 

April  2, 
1958 

November  1, 
1958 

1 

3.0 

3.U 

3.7 

3.7 

2 

5.5 

5.6 

5.6 

5.6 

3 

6.3 

6.5 

6«U 

6.3 

U 

7.0 

7.0 

7.1 

7.3 

5 

7.5 

7.6 

7.6 

7.6 

Each  figure  represents  an  average  of  duplicate  treatments 


The  results  of  soil  analysis  of  the  treatments  carried  out 
at  the  beginning  of  the  experiment  on  February  9,  1957,  and  after 

I 

its  ccupletion  on  November  1,  1958,  are  presented  in  Table  37  in 
the  Appendix,  This  analysis  showed  that  the  relationship  between 
soils  in  nutrient  levels  was  similar  to  the  nutrient  levels  of 
corresponding  soils  with  V,  canadense  (Tables  30  and  31  in  the 
Appendix),  The  nitrate  nitrogen  increased  with  increase  in  pH 
of  the  soil  treaianent.  The  reverse  was  true  for  the  ammonium 
nitrogen.  Treatments  3,  U  and  5  were  high  in  calcium  but  sulfate 
seems  to  be  absent  from  these  soils.  Treatments  1  and  2  were  low 
in  calcium  but  sulfate  was  present  in  considerable  amounts 
especially  in  treatment  1,  The  availability  of  the  nutrients. 


phosphorus,  potassium,  calcium,  magnesium  and  sulfate  showed  increases 
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during  the  course  of  the  investigation.  No  consistent  differences  in 
levels  of  potassium,  phosphorus,  aluminum,  iron  and  magnesium  existed 
between  treatments. 

The  number  of  actively  growing  shoots  of  V.  vitis-idaea 
var.  minus  plants  brought  under  greenhouse  conditions  on  February  1, 
1957>  and  February  1,  19^8,  and  grown  in  the  five  soil  treatments 
until  November  1,  1958,  are  presented  in  Table  l8. 

Table  18.  V,  vitis-idaea  var.  minus.  Total  numbers  of  actively 
growing  shoots  after  two  growing  seasons 


Treatment 

1 

2 

3 

It 

5 

Number  cf  stems 

2U9 

Ui;6 

367 

1U5 

63 

Each  figure  represents  an  average  of  duplicate  treatments 


The  highest  numbers  of  newly  developed  shoots  occurred  in  treatment 
2  (5.5  -  5*6).  The  growth  response  of  the  plants  in  treatment  3 
(pH  6.3  -  6.5)  was  less  than  treatment  2  but  better  than  the  most 
acid  treatment  1  (pH  3.0  -  3.7).  Treatments  U  and  ^  (pH  7.0  -  7.3 
and  7*5  -  7.6)  showed  poor  growth  response,  the  lowest  number  of 
active  shoots  occurring  in  treatment  5* 

The  oven-dry  weight  in  gms.  of  V.  vitis-idaea  var.  minus 
plants  grown  in  the  amended  soil  treatments  are  presented  in 
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Table  19*  V,  vitis-idaea  var,  minus .  Oven-drj’’  weight  in  gns* 
of  roots,  rhizomes  and  shoots  of  plants  grown  frcm 
February  1,  1957,  to  November  1,  1958 


Treatment 

1 

2 

3 

k 

5 

Roots 

10.0 

19.5 

13.0 

3.0 

2.0 

Rhizomes 

U.o 

11.5 

10.5 

3,0 

2.5 

Shoots 

7.0 

25.5 

19.0 

13.5 

U.o 

Total 

21.0 

56.5 

1*2.5 

19.5 

8.5 

Each  figure  represents  an  average  of  duplicate  treatments 

The  oven-dry  weight  data  shows  a  similar  growth  response  between 
the  plants  in  the  treatments  as  the  data  on  the  numbers  of  active 
shoots.  Plants  frcan  treatment  2  (pH  5*5  -  5*6)  yielded  the  highest 
oven-dry  weight  whereas  the  yields  from  all  the  other  treatments 
were  lower  with  a  minimum  in  treatment  5  (pH  7«5  -  7*6). 

Plants  brought  under  greenhouse  conditions  on  March  1,  1957,  and 

March  1,  1958 

The  results  of  pH  determinations  of  the  amended  soil 
treatments  with  V,  vitis-idaea  var.  minus  plants  during  the  1957 
and  1958  growing  seasons  are  presented  in  Table  20,  A  conparison 
of  the  data  frcan  Table  17  and  Table  20  shows  that  the  pH  of  the 
soil  treatments  of  the  experiment  started  on  February  1,  correspond 
closely  with  the  pH  of  the  soil  treatments  of  the  present  investiga¬ 
tion,  The  soil  treatments  of  both  dates  also  show  similar  seasonal 
fluctuation  in  pH, 
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Table  20.  V.  vltis-idaea  var.  minus .  Seasonal  variation  of  the 
pH  of  soil  treatments  with  plants  grown  from  March  1, 
1957 >  to  November  1,  1958 


Treatments 

Dates 

March  5, 
1957 

August  l5, 
1957 

April  2, 
1958 

November  1, 
1958 

1 

3.1 

3.6 

3.6 

3.7 

2 

5.5 

5.8 

5.7 

5.7 

3 

6,1 

6.3 

6.1; 

6.6 

h 

6.8 

7.2 

7.2 

6.8 

5 

7.U 

7.5 

7.U 

7oli 

Each  figure  represents  an  average  of  duplicate  treatments 


The  results  of  soil  analysis  of  the  treatments  carried  out 
at  the  beginning  of  the  experiment  on  March  7>  1957 ^  and  after  its 
completion  on  November  1,  1958  (Table  38  in  the  Appendix)  compared 
to  the  results  of  the  analyses  of  the  soil  from  the  experiment 
started  on  February  1  (Table  37  in  the  Appendix)  shows  the  similarity 
of  the  nutrient  levels  of  corresponding  treatments. 

The  number  of  actively  growing  shoots  of  V.  vitis-idaea 
var,  minus  plants  brought  under  greenhouse  conditions  on  March  1, 
1957^  and  March  1,  1958,  and  grown  in  the  five  amended  soil  reaction 
treatments  until  November  1,  1958,  are  presented  in  Table  21. 
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Table  21,  V.  vltis-idaea  var,  minus ,  Total  number  of  actively 
growing  shoots  after  two  growing  seasons 


Treatment 

1 

2 

3 

k 

5 

Number  of  stems 

265 

2U3 

183 

7U 

61 

Each  figure  represents  an  average  of  duplicate  treatments 

The  greatest  number  of  shoots  occurred  in  treatment  1  (pH  3»1  -  3*7 )• 
The  growth  response  of  the  plants  from  treatments  1  and  2  (pH  - 
^.7)  was  similar.  The  active  shoots  decreased  in  numbers  with 
increase  in  pH  in  treatments  3>  U  and  5  (pH  6,1  -  7«5)«  A  ccan- 
parison  of  data  from  Table  18  and  Table  21  shows  that  corresponding 
treatments  were  not  similar  in  growth  response. 

The  oven-dry  weight  in  gms,  of  V,  vitis-idaea  var,  minus 
plants  grown  in  the  amended  soils  are  presented  in  Table  22, 


Table  22,  V,  vitis-idaea  var.  minus.  Oven-dry  weight  in  gms. 

^  roots,  rhizomes  and  shoots  of  plants  grown  from 
March  1,  1957,  to  November  1,  1958 


Treatment 

1 

2 

3 

U 

5 

Roots 

lli.O 

10.0 

U.5 

1.0 

7.5 

Rhizomes 

5.0 

5.0 

3.0 

2.0 

1.5 

Shoots 

19.5 

27.0 

16.5 

7.0 

6.0 

Total 

39.5 

U2.0 

2U.0 

10.0 

15.0 

Each  figure  represents 

an  average 

of  duplicate 

treatments 
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The  plants  of  treatment  1  and  2  showed  the  highest  oven-dry  weight, 
whereas  the  other  treatments  srLelded  lower  oven-<lrj'  weights  with 
a  minimum  in  treatment  5« 

1958  experiment  with  V,  vitis-idaea  var,  minus  plants  brought  under 
greenhouse  conditions  on  Febiniary  1,  1958,  and  March  1,  1958 

Experiments  similar  to  those  initiated  during  1957  were 
repeated  during  1958.  The  results  of  pH  deteimination  of  the 
amended  soils  used  for  the  1958  investigation  are  presented  in 
Table  39  in  the  Appendix.  The  pH  of  the  soil  treatments  of  the 
present  investigation  differed  from  the  corresponding  treatments 
of  the  1957  experiment  (Tables  17  and  20).  Treatments  2  and  3 
were  of  lower  pH  whereas  treatments  h  and  5  were  of  higher  pH. 

All  treatments  showed  slight  changes  in  pH  by  the  end  of  the  grow¬ 
ing  season.  Soil  analysis  data  (Tables  UO  and  Ul  in  the  Appendix) 
conpared  to  the  1957  data  (Tables  37  and  38  in  the  Appendix)  showed 
that  similar  nutrient  levels  existed  in  the  corresponding  treatments. 
Seasonal  changes  in  nutrient  availability  were  also  similar. 

The  number  of  actively  growing  shoots  of  V.  vitis-idaea 
var.  minus  plants  brought  under  greenhouse  conditions  on  February  1 
and  March  1,  1958,  and  grown  in  the  amended  soils  until  November  1, 
1958,  are  presented  in  Table  U2  in  the  Appendix.  Differences  in 
growth  response  between  treatments  were  similar  to  those  of  the 
1957  experiments  (Tables  l8  and  21).  The  oven-dry  weight  data  of 
Table  U3  in  the  Appendix  also  showed  a  similar  relationship  to  the 
1957  treatments  in  growth  response. 
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DISCUSSIC^J 

2,  Plant  and  Soil  Reaction  Studies 

(b)  The  influence  of  altered  soil  reaction  on  Vaccinium  canadenno 
and  Vaccinium  vltis-idaea  var,  minus 

Both  V.  canadense  and  V,  vitis-idaea  var.  minus  shewed  a 
preference  for  an  acid  growing  medium  of  pH  5*5  -  5»6.  With  V. 
canadense  plants  a  decrease  in  the  soil  pH  from  -  5.6  to  3*0  - 
3*6  was  accompanied  by  reduced  growth.  When  conpared  to  the  plants 
grown  in  the  most  acid  soil  treatments  (3*0  -  3.6  and  5*5  -  5*6) 
the  plants  in  the  near  neutral  or  alkaline  treatments  (pH  6,2  -  7. 5) 
shewed  a  marked  reduction  in  growth  response.  An  increase  in  pH  of 
the  latter  soil  treatments  (from  6,2  to  7*5)  was  accoapanied  by  a 
correlated  decrease  in  growth  of  the  plants,  Harmer  (10)  reported 
similar  results  with  V.  corymb  os  um  var.  Rubel  plants  grown  in  soils 
appraximating  the  same  pH  as  those  of  the  present  investigation. 
Although  the  V,  vitis-idaea  var,  minus  plants  made  their  best  growth 
in  soil  of  pH  -  5«6  this  species  appeared  to  be  more  tolerant 
than  V,  canadense  to  either  an  increase  or  a  decrease  in  soil  pH. 

The  plants  made  satisfactory  growth  in  very  acid  soil  (pH  3*0  -  3.7) 
and  in  soil  of  near  neutral  reaction  (pH  6,1  -  6,6), 

The  pH  of  the  soil  may  have  had  an  inportant  influence  on 
the  growth  of  both  V.  canadense  and  V.  vitis-idaea  var,  minus,  however, 
the  evidence  provided  by  soil  analyses  indicated  that  nutrient  avail¬ 
ability  also  may  have  affected  the  growth  of  these  species.  The  levels 
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of  available  sulfate  were  high  in  the  soil  treatments  of  lowest  pH 
(3*0  -  3*6  and  5*5  -  5«6)  but  this  nutrient  was  not  detectable  in 
the  soil  of  the  other  three  treatments.  The  better  growth  response 
of  V.  canadense  plants  in  the  fonner  treatments  may  have  been  an 
eijqjression  of  their  need  for  sulfur,  Hamer  (10)  reported  that 
application  of  sulfur  to  soils  supporting  V,  corymb  os  um  var,  ftubel 
resulted  in  an  increase  in  plant  growth  and  yield  of  fruit.  The 
possible  beneficial  effects  of  sulfur  were  not  apparent  with  V,  vitis- 
idaea  var,  minus  plants. 

The  available  calcium  was  increased  with  the  treatments  of 
hipest  pH  (from  6,2  to  7*5)»  Plants  of  V,  canadense  showed  poor 
growth  response  in  these  treatments,  also  a  reduction  in  growth 
accompanied  an  increase  in  available  calcium.  The  plants  of  V, 
vitis -idaea  var,  minus  also  showed  a  reduction  in  growth  response 
with  increase  in  available  calcium.  Calcium,  therefore,  may  have 
a  deleterious  effect  on  both  species.  Both  Bailey  (l)  and  Harraer 
(10)  suggested  that  calcium  may  have  had  deleterious  effects  on  the 
growth  of  V,  corymb osum  in  their  respective  experiments. 

The  soil  treatments  of  near  neutral  or  alkaline  reaction 
(pH  6,8  -  7*6)  to  which  calcium  hydroxide  had  been  added  as  an 
amendment,  showed  an  increase  in  nitrate  nitrogen  when  conpared  to 
the  treatments  of  low  pH  whereas  the  reverse  was  true  for  aninonium 
nitrogen.  The  better  growth  response  of  plants  of  both  V,  canadense 
and  V.  vitis -idaea  var.  minus  grown  in  the  soil  treatments  that  were 
low  in  nitrate  nitrogen  but  which  showed  increased  levels  of  ammonium 
nitrogen,  suggests  that  ammonium  nitr^en  is  better  than  nitrate 
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nitrogen  as  a  nutrient  for  the  two  species.  Cain  (U)  obtained  similar 
evidence  with  V.  corymbosum.  He  found  nitrate  nitrogen  to  be  detri¬ 
mental  to  growth  and  suggested  that  ammonium  was  the  blueberry  plant's 
major  source  of  nitrogen. 

Perhaps  all  the  factors  mentioned  (soil  pH,  levels  of  avail¬ 
able  sulfate,  calcium,  and  the  form  of  nitrogen)  had  an  influence  on 
the  growth  of  both  V.  canadense  and  V.  vltis-idaea  var.  minus.  To 
determine  whether  soil  pH  is  the  most  inportant  condition  influencing 
the  growth  of  these  species  or  whether  the  indirect  effects  of  soil 
pH  or  soil  amendment  on  nutrient  availability  were  more  inportant 
requires  further  investigation. 

Evidence  was  presented  suggesting  that  V.  canadense  plants 
require  approximately  2,808  hours  at  F.  to  conplete  their  lew 
temperature  winter  dormancy  period.  Plants  of  V.  vitis-idaea  var. 
minus  showed  satisfactory  growth  response  after  2,136  hours  at 
3U®  F.  Darrow  (6)  reported  that  plants  of  V.  corymbosum  only 
required  800  hours  while  V.  ashei  required  only  250  hours  at  F. 


or  lower  to  fulfill  their  low  tenperature  doimancy  requirements 
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HTERATURE  REVB-^W 


3«  Shoot  and  Fruit  Growth  Stiidies 

Bell  (3)  working  with  Vaccinitnn  angustifolium  var.  laevif  olium 
found  this  species  to  have  determinate  growth  resulting  from  death  or 
inactivation  of  the  growing  tip.  Rapid  shoot  growth  occurred  during 
the  early  spring  concurrent  with  blossoming.  Cessation  of  growth 
occurred  at  the  time  of  blossom  fall.  At  this  time  the  last  formed 
leaf  and  the  apical  meristem  withered  and  died.  This  withered  tip 
dropped  off  after  a  period  of  ten  da^rs.  At  the  time  of  growth  cessa¬ 
tion  the  bud  primo2?dium  in  the  leaf  axil  immediately  below  the  tip 
developed  rapidly  into  a  flower  bud.  Its  development  was  so  rapid 
that  the  scar  of  the  dehisced  apex  was  soon  crowded  to  one  side  and 
obliterated.  The  f  Icwer  bud  then  occupied  the  apparent  termini 
position. 


Young  (20)  studied  the  fruit  growth  of  three  Vaccinium 
corymbosum  varieties  and  a  selection  of  Vaccinium  angus tif olium. 

He  found  that  fruit  growth  of  all  the  plants  concerned  followed 
three  distinct  stages:  (1)  rapid  increase  of  the  pericarp  following 
fertilization,  (2)  retarded  development  of  the  pericarp  coincident 
with  rapid  embryo  development  and  (3)  a  further  stage  of  rapid 
growth  of  the  pericarp  to  fruit  maturity, 

Hindle  et  (U)  working  with  the  Vaccinium  corymbosum 
Varieties  Pioneer,  Corville,  Pemberton  and  Dixi  fovind  that  the  growth 
of  the  blueberry  fruit  could  be  divided  into  three  stages  similar  to 


-75- 


those  described  by  Young  (20).  The  type  of  fruiting  wood  (thin, 
medium  and  heavy)  did  not  effect  the  number  of  days  required  for 
the  fruit  to  mature.  The  elapsed  time  from  blossran  drop  to  fruit 
maturity  was  too  variable  to  be  used  for  prediction  of  time  of 
harvest.  Studies  of  the  influence  of  sim  and  shade  an  the  number 
of  days  to  maturity  indicated  that  fruits  which  were  shaded  matured 
more  slowly  than  those  in  the  sun. 

Eggert  (7)  found  that  the  earliest  emerging  shoots  of 
Vaccinium  angustlf olium  made  the  most  growth  and  had  an  increased 
capacity  for  fruiting  due  to  an  increase  in  the  number  of  flower 
buds.  The  increase  in  number  of  flower  buds  with  the  more  vegetative 
shoots  suggested  an  association  between  vigor  of  an  individual  shoot 
and  its  ability  to  develop  flower  bud  primordia. 
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materiai^  and  methods 

3*  Shoot  and  Fruit  GrCTfth  Studies 

Three  stems  of  Vaccinium  canadense  were  selected  and  marked 
at  each  of  the  six  sites  used  previously  in  Clonal  Rhizone  Studies 
(page  5)»  This  was  done  on  June  8,  just  previous  to  the  seasonal 
resumption  of  growth  and  flowering.  Three  stems  of  Vaccinium  vitis- 
idaea  var.  minus  were  selected  at  the  same  time  at  all  sites  except 
Site  6,  MeasureiJients  in  cm,  of  shoot  growth  and  fruit  development 
were  made  with  Vernier  calipers  on  the  following  dates:  June  22, 

July  10,  July  25,  August  10,  and  August  28,  1956.  The  shoots  selected 
for  measurement  were  those  having  the  highest  position  on  the  stems  in 
each  case.  The  fruits  measured  were  the  basal  ones  in  the  uppermost 
fruit  clusters  of  the  stems.  The  measurements  were  discontinued  after 
August  28,  1956,  when  the  plants  of  both  species  had  formed  terminal 
buds  and  their  fruit  had  reached  full  maturity. 

The  experiment  was  repeated  during  1957  using  different  stems 
of  the  same  two  species.  Steins  were  selected  previous  to  growth  resump¬ 
tion  and  flowering  on  May  22.  Measurements  in  cm,  of  shoot  growth  and 
fruit  development  were  made  on  the  following  dates:  June  6,  June  19, 
July  2,  July  15,  August  2,  August  l6,  and  August  31,  1957. 

The  recording  of  data  was  discontinued  after  August  31,  1957, 
a  time  when  the  shoots  of  both  species  had  shown  con^lete  cessation 
of  growth  by  forming  terminal  buds  and  the  fruit  had  reached  a  fully 
ripened  state  or  had  fallen. 
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BESU  LTS 

3«  Shoot  and  Fruit  Growth  Studies 

(a)  Shoot  and  fruit  growth  of  Vaco ini um  canadense  during  the  growing 
seasons  of  1956  and  19^7 


(1)  Shoot  growth 

The  data  on  V.  canadense  shoot  growth  for  the  19^6  growing 

season  are  presented  in  Table  14;  in  the  Appendix.  It  will  be  seen 

from  these  data  that  the  majority  of  shoots  made  their  greatest 

increase  in  length  during  the  first  two  weeks  of  growth  between  June  8 

and  June  22,  Individual  shoots  showed  quite  large  increases  in  length 

up  to  July  10.  Subsequent  growth  was  slight  with  only  certain  shoots 

showing  an  increase  in  length  concurrent  with  terminal  bud  formation. 

* 

The  majority  of  shoots  did  not  show  increase  in  length  at  this  time. 

From  the  data  on  V.  canadense  shoot  growth  for  the  19^7 
growing  season  (Table  U5  in  the  Appendix)  it  will  be  noticed  that 
the  seasonal  pattern  of  growth  was  similar  to  that  of  1956.  There 
was  the  same  rapid  growth  rate  in  the  early  growing  season  followed 
by  a  decrease  in  growth  rate  followed  by  a  second  noticeable  increase 
in  rate  of  growth  with  formation  of  the  terminal  bud.  The  end  of  the 


The  shoots  not  shaving  increases  in  length  were  those  showing  die-back 
and  pseudo-abscission  of  the  grovring  tip  concurrent  >dth  bud  formatioru 
This  phenomenon  was  reported  by  Bell  (3)  as  an  expression  of  determin¬ 
ate  growth  of  V.  angustif  olium.  The  dead  portion  of  the  tip  persisted 
for  a  short  time  and  then  dropped  off  the  shoot.  The  bud  which  formed 
laterally  just  below  the  tip  developed  in  a  manner  which  made  it 
difficult  to  distinguish  from  a  true  terminal  bud.  The  shoots 
affected  are  indicated  in  Tables  kh  and  U5  in  the  Appendix. 
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first  flush  of  growth  coincided  approximately  with  the  first  increase 
in  size  of  fruit  in  V.  canadense  during  both  years. 

Considerable  variation  existed  in  the  total  growth  in  length 
between  shoots  at  each  site  in  both  years  and  at  no  time  was  there 
any  indication  of  an  influence  of  environmental  conditions  on  growth 
(Table  23). 

Table  23.  V.  canadense.  19^7.  Mean  shoot  growth  in  cm. 


Sites  123 

h 

5  6 

Mean  shoot  growth  1.3  +  0.1  1.7  +  l.U  3.3  i  1*3 

1.9  +  1.7 

1.2  +  0.8  2.0  ♦  0.6 

Each  measurement  represents  the  mean  length  of  three  shoots 

Shoot  growth  was  comparable  at  the  sites  of  maximum  shade  (Site  3)  and 
maximum  exposure  (Site  6)  whereas  the  sites  of  intermediate  shade  condi¬ 
tions  showed  reduced  shoot  growth,  light  conditions,  therefore,  did 
not  have  an  apparent  influence  on  shoot  growth  of  V,  canadense.  As  in 
1956,  death  and  pseudo-abscission  of  the  growing  tips  of  the  majority 
of  shoots  measured, was  again  noted  (Table  U5  in  the  Appendix). 

(2)  Fruit  growth 

Fruit  growth  measurements  of  V,  canadense  taken  during  the 
1956  growing  season  are  presented  in  Table  U6  in  the  Appendix.  These 
data  show  that  the  flowering  of  V,  canadense  occurred  on  or  just  prior 
to  June  22  at  all  sites.  The  fruit  increased  rapidly  in  size  during 
the  period  between  blossoming  and  July  10.  A  reduction  in  the  rate  of 
increase  occurred  beginning  approximately  July  10  and  ending  approximately 
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August  10  just  prior  to  the  time  of  fruit  ripening.  The  time  of  fruit 
ripening  varied  considerably  between  the  plants  involved.  With  the 
start  of  blue  coloration  a  rapid  increase  in  fruit  size  occurred  until 
complete  coloration  at  maturity.  There  was  considerable  variation 
between  the  fruits  from  the  individual  stems  at  the  time  of  initiation 
and  during  the  period  of  development,  but  all  followed  a  similar 
pattern.  A  rapid  increase  in  size  occurred  just  after  blossom  drop; 
this  was  followed  by  a  reduced  rate  of  increase,  which  in  turn  was 
followed  by  a  rapid  rate  of  increase  to  maturity. 

Environmental  conditions  seemed  to  have  an  influence  on  the 
time  to  fruit  maturity  (Table  U6  in  'Uie  Appendix).  All  the  berries 
from  plants  at  the  open  exposed  conditions  of  Site  6  were  fully  ripe 
on  August  10  whereas  the  majority  from  the  sites  of  increased  shade 
reached  full  maturity  only  by  August  28. 

The  data  on  fruit  growth  of  V.  canadense,  measurements  made 
during  the  1957  growing  season,  are  presented  in  Table  hi  in  the 
Appendix.  During  the  1957  growing  season  the  fruit  was  initiated 
approximately  two  weeks  earlier  than  in  1956  (Table  U6  in  the  Appendix) 
and  the  same  pattern  of  development  took  place.  Once  again  there  was 
considerable  variation  between  stems  in  the  time  of  initiation  and  the 
period  of  fruit  growth.  Environmental  conditions  also  appeared  to 
have  influenced  the  time  to  fruit  maturity  in  the  same  manner  as 
occurred  in  1956.  All  the  fruits  measured  at  the  relatively  exposed 
sites  $  and  6  were  fully  mature  by  August  16  while  the  fruit  from 
the  sites  with  more  tree  cover  were  inconsistent  in  this  respect, 
the  majority  being  fully  mature  on  August  31. 
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(b)  Shoot  and  fruit  growth  of  Vaccinimn  vitis-idaea  var.  minua  during 
the  growing  seasons  of  19^6  and  19^7 

(1)  Shoot  growth 

The  shoots  of  V,  vitis-idaea  var,  minus  made  their  greatest 
increase  in  length  during  the  early  growing  season  (Tables  U8  and  U9 
in  the  Appendix).  In  19^6  the  majority  of  them  made  their  most  rapid 
growth  between  June  8  and  June  22,  Some  slight  growth  also  accompanied 
terminal  bud  formation  during  the  latter  part  of  August.  A  number  of 
shoots  (sites  1,  3j  U  and  5)  did  not  increase  in  length  with  terminal 
bud  formation.  Only  two  of  these  shoots  exhibited  the  die-back  and 
pseudo-abscission  so  common  in  V,  canadense. 

During  19^  a  possible  environmental  influence  on  shoot 
growth  was  indicated  (Table  2k)*  The  mean  total  linear  growth  was 
highest  at  the  locations  of  moderate  to  heavy  shade  (sites  2,  3  and  U), 

Table  2I4.,  V,  vitis-idaea  var,  minus,  1956,  Shoot  growth 


Sites 

12  3  1* 

5 

Mean  shoot  growth 

1.6  +  0.1  2,7  +  0,2  2.U  +  0.9  2.6  +  l.U 

l.U  +  0.1 

Each  measurement  represents  the  mean  length  in  cms,  of  three  shoots 


The  time  of  resumption  of  growth  varied  widely  between  shoots 
during  1957  (Table  k9  in  the  Appendix).  Certain  shoots  (sites  3  and  U) 
commenced  growth  previous  to  June  6  whereas  others  (sites  1  and  5)  did 
not  do  so  until  as  late  as  June  19.  During  both  years  the  time  of 
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cessation  of  rapid  shoot  growth  early  in  the  growing  season  corresponded 
approximately  with  the  flowering  period  of  V.  -vitis-idaea  var,  minus* 

Again  as  in  1956  a  number  of  shoots  did  not  increase  in  length  with 
terminal  bud  formation.  Die-back  and  pseudo-abscission  was  observed 
with  only  three  shoots.  Environmental  effects  on  growth  were  not 
obvious . 

(2)  Fruit  growth 

The  fruit  growth  of  V.  vitis-idaea  var.  minus  was  not  serial 
as  was  the  case  with  V.  canadense.  This  is  shown  in  Table  $0  in  the 
Appendix  and  Table  5l  in  the  Appendix.  As  with  V.  canadense,  however, 
the  rate  of  growth  was  rapid  just  after  blossran  drop  but  as  the  season 
advanced  the  rate  gradually  decreased.  The  majority  of  the  berries 
did  not  show  an  increase  in  size  with  maturation.  Possible  effects  of 
environment  on  the  growth  of  the  fruit  were  not  detectable  in  either  year. 
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DISCUSSION 

3*  Shoot  and  Fruit  Grovrbh  Studies 

The  shoots  of  both  V,  canadense  and  V.  vitis-idaea  var,  minus 
made  their  greatest  increases  in  length  during  the  first  two  weeks  of 
the  growing  season.  Only  slight  increases  in  length  occurred  during 
the  remainder  of  the  season.  These  latter  increases  were  concurrent 
with  terminal  bud  formation  late  in  the  growing  season.  Bell  (3) 
reported  a  similar  pattern  of  seasonal  shoot  growth  for  V,  angustif olium 
var,  laevif olium,  a  species  which  also  exhibited  the  die-back  and 
pseudo-abscission  that  was  shown  by  V,  canadense  and  to  a  lesser  extent 
by  V,  vitis-idaea  var,  minus  during  the  present  investigation.  Bell 
suggested  that  this  occurrence  was  a  manifestation  of  a  determinate 
growth  habit. 

The  evidence  presented  suggests  that  environment  has  an 
influence  on  the  shoot  growth  of  V,  vitis-idaea  var,  minus.  Linear 
growth  was  greatest  at  the  sites  of  moderate  to  heavy  shade.  Similar 
environmental  influences  on  the  shoot  growth  of  V.  canadense  were  not 
apparent. 


Fruit  growth  of  V,  canadense  was  found  to  follow  three  stages: 
a  rapid  increase  in  size,  followed  by  a  reduced  growth  rate,  which  in 
turn  was  follcwed  by  a  rapid  rate  of  increase  to  maturity.  This  fmit 
growth  pattern  was  similar  to  that  reported  by  Young  (20)  with  V. 
corymbosum  and  V,  angustif  oli\im  and  by  Kindle  (11)  with  V. 

corymbosum.  The  fruit  of  V,  vitis-idaea  var,  minus  did  not  show  a 
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serial  gTCTrth  pattam.  Grcwth  was  rapid  just  after  blossan  drop  but 
the  rate  of  growth  decreased  gradually  as  the  season  advanced  and 
there  was  no  increase  in  rate  with  fruit  iraturity. 

The  cessation  of  rapid  shoot  growth  with  V.  canadense,  early 
in  the  growing  season,  coincided  approximately  with  the  initiation  of 
fruit  growth*  Bell  (3)  reported  a  similar  occurrence  with  V. 
angustlf olium.  var.  laevif olium.  V.  vitis-idaea  var,  minus  differed 
in  this  regard  in  that  the  cessation  of  rapid  shoot  growth  coincided 
approximately  with  flowering. 


LITERATURE  REVIEV7 


U.  Vegetative  Propagation  Studies  of  Vaccinium 


Due  to  economic  aspects,  investigations  concerning  Vaccinium 
propagation  have  in  the  past  been  mainly  carried  out  with  the  ccanmercial 
highbush  blueberry,  V,  corymb osum.  References  to  vegetative  studies 
involving  the  lowbush  blueberry  species  (including  V.  canadense )  and 
the  cranberries  (including  V.  vitis-idaea  var.  minus)  axe  few, 

Eggert  (7),  however,  reported  that  the  lowbush  blueberry  can  be 
readily  propagated  using  rhizcane  cuttings.  The  cuttings  were  found 
to  exhibit  polarity,  that  is  the  tip  (the  end  most  distant  fran  the 
seedling  plant  of  a  clone)  produced  the  shoots  whereas  the  basal  end 
(the  portion  proximal  to  the  seedling  plant)  produced  the  roots. 

Rooting  hormone  applied  to  the  basal  ends  of  the  cuttings  resulted 
in  increased  rooting  and  shoot  growth  but  when  the  hormone  was 
applied  to  the  tip  end,  growth  of  both  roots  and  shoots  vras  either 
reduced  or  the  cuttings  did  not  survive. 
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MATERIAI3  AND  METHODS 

U.  Vegetative  Propagation  Studies  a£  Vaccinium 

Propagation  studies  involving  V,  canadense  and  V.  vitis-idaea 
var.  minus  were  started  during  June,  1956,  at  the  Native  Fruit  Station, 
Two  cultivated  plot  areas  were  prepared:  (a)  an  area  of  medium  eleva¬ 
tion  and  moderate  shade  and  (b)  an  area  of  low  elevation,  bordering  a 
sphagnum  bog  and  with  moderate  shade.  The  elevation  of  the  plots 
involved  were  similar  to  those  of  the  Clonal  Rhizome  Studies  (page  $), 
Clones  of  V.  canadense  were  lifted  frcm  their  natural  habitat  and 
divided  to  prepare  the  following  treatments: 

(1)  Control  -  rhizome  cuttings,  l5  cm.  in  length  with  an  above  ground 
shoot  not  pruned. 

(2)  Rhizome  cuttings,  l5  cm,  in  length  with  the  above  ground  shoot 
moderately  pruned  (i.e,,  weak  lateral  branches  were  removed  and 
the  terminal  stem  reduced  one -quarter  in  length), 

(3)  Rhizome  cuttings,  15  cm,  in  length  with  the  above  ground  shoot 
removed  completely, 

(U)  Rhizcme  cuttings,  15  cm,  in  length  taken  from  mid-rhizome  sections 
having  no  above  ground  shoot. 

Fifty  cuttings  were  used  for  each  treatment  at  both  locations  5  being 
set  horiz ontaJJLy  at  a  soil  depth  of  approximately  5  cm.,  in  rcwB  60  cm, 
apart.  Observations  were  made  at  frequent  intervals  durjng  the  growing 
season  of  1956  and  data  on  survival  and  apparent  vigor  were  recorded. 
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The  study  was  repeated  in  1957  and  the  experiments  were 
designed  to  facilitate  statistical  analyses  of  the  data.  Five 
replicates  of  each  treatment  were  involved.  Seasonal  observations 
were  made  during  the  growing  season  and  data  recorded  on  survival  and 
vigor.  During  September  ten  rhizome  cuttings  from  all  treatments  were 
removed  to  the  laboratory  and  oven-dry  weight  in  gms,  determined  on 
the  present  season's  growth, 

V,  vitis-idaea  var,  minus  rhizomes  were  lifted  from  two 
locations:  (a)  from  the  organic  cover  of  a  forested  area  of  high 
elevation  and  (b)  from  sphagnum  moss  at  low  elevation.  Two  propaga¬ 
tion  techniques  were  used  when  preparing  these  rhizomes  for  resetting: 
(l)  single  rhizome  cuttings,  approximately  10  cm,  in  length  with  one 
shoot  intact  and  (2)  multiple  rhizome  cuttings  which  involved  groups 
of  cuttings  containing  ten  rhizome  sections  10  cm,  in  length  with 
one  shoot  per  section.  These  multiple  rhizome  cuttings  were  prepared 
as  two  types:  (a)  multiple  rhizomes  with  shoots  intact  and  (b)  multiple 
rhizomes  with  shoots  removed.  Twenty-five  of  the  single  and  twenty-five 
of  each  type  of  multiple  cutting  from  both  locations  were  reset  at  each 
of  the  two  cultivated  plot  locations  in  rows  60  cm,  apart  and  approxi¬ 
mately  15  cm,  apart  in  the  rows.  Observations  on  survival  and  apparent 
vigor  were  made  at  frequent  intervals  during  the  1956  growing  season. 

During  1957  the  study  was  repeated  on  an  enlarged  basis  as 
a  factorial  experiment  involving  five  replicates.  Ten  single  rhizome 
cuttings  and  ten  multiple  rhizome  units  of  both  types  from  both 
natural  locations  for  each  replicate  were  lifted  from  the  two  cultivated 
plot  areas  and  removed  to  the  laboratory  vrtiere  oven-dry  weight  in  gras, 
was  determined  on  the  present  season's  growth  during  September,  1957. 
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RESULTS 


U.  Vegetative  Propagation  Studies  of  Vaccinium 


(a)  Propagation  experiments  with  V.  canadense  during  19^6  and  1957 


Seasonal  observations  of  the  1956  propagation  trials  revealed 
that  those  treatments  (3)  where  shoot  pruning  was  practiced  and  (U) 
where  cuttings  were  taken  from  mid-rhizome  sections  gave  better  growth 
response  than  the  control  treatment  (l)  ^ich  involved  cuttings  with 
the  shoots  not  pruned.  No  differences  were  apparent  between  identical 
treatments  at  the  two  different  plot  locations.  The  investigation 
carried  out  during  1957  gave  similar  results.  The  survival  rate  of 
the  rhizcme  cuttings  from  the  various  treatments  at  both  plot  areas 
during  1957  are  shown  in  Table  2^. 

Table  25.  V.  canadense.  The  number  of  surviving  rhizome  cuttings  (25  cuttings  per 
treatment)  at  two  cultivated  plot  locations 


Locations  Treatments 


1,  Control 
(shoots 
not 

pruned) 

2.  Rhizome  cuttings 
with  shoots 
moderately  pruned 

3.  Rhizome  cuttings 
with  shoots 
removed  couple tely 

U.  Rhizome  cuttings 
with  shoots 
absent 

Medium 

Elevation 

7 

11 

23 

18 

Lour 

Elevation 

8 

13 

22 

19 

L.S.D.  for  treatments  3.3 

Each  figure  represents  the  average  of  five  replicates 
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Those  results  show  that  the  rate  of  survival  in  treatments  2, 
3  and  U  were  better  than  the  control  (1)  and  that  in  treatment  3  the 
rate  of  survival  wais  greater  than  any  of  the  others.  The  differences 
were  statistically  significant.  The  analj'ses  of  variance  (Table  52 
in  the  Appendix)  shows  that  the  interaction  of  location  x  treatment 
were  not  statistically  significant,  therefore,  the  location  of  the 
cultivated  plots  had  no  influence  on  the  response  of  the  cuttings 
to  the  various  treatments. 

The  oven-dry  weight  in  gms.  of  the  shoot  growth  from  the 
rhizome  cuttings  at  both  plot  areas,  during  1957  are  shown  in  Table  26. 


Table  26. 

V.  canadense. 
plot  locations 

Oven-dry  weight  of 

shoot  growth  during  1957  at 

two  cultivated 

Locations 

Treatments 

1.  Control  2 

.  Rhizome  cuttings 

3.  Rhizome  cuttings  U. 

Rhizome  cuttings 

(shoots 

with  shoots 

with  shoots 

with  shoots 

not 

pruned) 

moderately  pruned 

removed  completely 

absent 

Medium 

Elevation 

o.h 

0.6 

0.8 

0.6 

Loir 

Elevation 

0.5 

0.7 

0.8 

0.7 

IhS.D.  for  treatments  0.2 

Etch  figure  represents  the  average  dry  weight  in  gns.  of  five  replicates 


Vihile  treatments  2,  3  and  U  show  more  growth  than  treatment  1 
at  both  locations,  only  the  growth  response  from  treatment  3  could  be 
considered  significantly  different  statistically  when  coiqjared  with 
that  of  treatment  1.  The  auoalyses  of  variance  (Table  53  in  the  Appendix) 
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shows  that  the  interaction  of  location  x  treatments  were  not  statisti¬ 


cally  significant.  The  growth  response  of  corresponding  treatments, 
therefore,  were  not  influenced  by  the  location  of  the  cultivated  plots. 


The  growth  response  of  the  various  treatments  are  shown  in 


Figure  3 


FIG. 


3.  Shoot  regeneration  from  V.  canadense  rhizome  cuttir^s 
prepared  as :  “ 


1.  Control  -  rhizome  cuttings,  cm.  in  length  with  an  above 
ground  shoot  not  pruned. 


2.  Rhizome  cuttings,  lb  cm.  in  length  with  the  above  ground 
shoot  moderately  pruned  (i.e.,  weak  lateral  branches  were 
removed  and  the  terminal  stem  reduced  one  quarter  in  length). 

3.  Rhizome  cuttings,  l5  cm.  in  length  with  the  above  ground 
shoot  removed  completely. 

U.  Rhizome  cuttings,  1^  cm,  in  length  taken  from  mid-rhizome 
sections  having  no  above  ground  shoot. 
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(b)  Propagation  experiments  with  V.  vitis-idaea  var.  minus  during  1956 
and  1957 


No  apparent  differences  in  growth  response  occurred  with  the 
V.  vitis-idaea  var,  minus  rhizome  cuttings  during  1956  between  the  two 
propagation  techniques,  the  two  types  of  multiple  rhizome  cuttings, 
rhizomes  lifted  from  different  locations  or  between  the  two  plot  loca¬ 
tions,  Similar  results  were  obtained  with  the  1957  trials.  The  average 
dry  wei^t  in  gms,  of  new  shoot  growth  of  the  rhizomes  set  out  during 
1957  are  presented  in  Table  27, 


Table  27,  V.  vitis-idaea  var,  minus.  The  effect  of  propagation  technique  and 
pruning  on  the  regeneration  of  rhizome  cuttings  removed  frcan  two 
locations  and  i^set  at  two  cultivated  plot  locations 


Cultivated  Plot 
Locations 

Rhizome  Sources 

Propagation  Technique 

Multiple  Rhizome 

Single  Rhizcaae 

Type  of  Cutting 

Shoots  iiitact  Shoots  Removed 

Shoots  Intact 

Medium 

elevation 

Forest  conditions 
of  high  elevation 

0.09  0.07 

0.09 

Sphagnum  moss 
at  low  elevation 

0.07  0.09 

0.08 

Low 

elevation 

Forest  conditions 
of  high  elevation 

0.07  0,07 

0.08 

Sphagnum  moss 
at  low  elevation 

0.08  0.07 

0.07 

Each  figure  represents  the  average  dry  weight  in  gms.  of  new  shoot  growth  of  caie 
rhizome  cutting 
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It  was  noted  during  both  years  that  although  the  cuttings 
made  new  shoot  growth,  the  amount  of  growth  was  reduced  tty  some 
deleterious  influence  existing  at  both  cultivated  plot  locations. 
This  apparent  influence  on  growth  may  have  been  the  result  of  either 
of  two  conditions  or  both;  (1)  a  lack  of  the  organic  layer  on  the 
soil  of  the  cultivated  plot  areas  in  \diich  the  V.  vitis-idaea  var. 
minus  rhizomes  are  found,  either  growing  in  or  just  beneath  under 
natural  conditions  and  (2)  insufficient  shading  from  tall  growing 
trees  at  the  cultivated  plot  areas.  This  species  was  found  by  other 
investigations  (page  12)  to  prefer  a  shaded  habitat. 
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DISCUSSICN 

U*  Vegetative  Propagation  Studies  of  Vaccinium 


The  investigations  have  shown  that  V.  canadense  and  V.  vitis- 
idaea  var.  min\is  can  be  propagated  using  rhizome  cuttings.  The  V, 
canadense  cuttings  with  shoots  removed  by  pruning  showed  better  growth 
response  than  the  cuttings  with  the  shoots  unpruned.  The  phenomena  of 
rhizome  polarity  as  reported  by  Eggert-  (7)  was  not  investigated  with 
either  species  concerned  but  observation  of  rooted  rhizome  cuttings 
of  V,  canadense  showed  indications  of  polarity  by  producing  shoots  and 
roots  at  opposite  ends.  If  polarity  influences  the  growth  response  of 
rhizome  cuttings  then  the  apparent  advantage  of  cuttings  with  shoots 
removed  over  cuttings  with  shoots  absent  (shown  in  Table  2^)  might  be 
explained  on  this  basis.  The  growth  response  of  V.  vitis-idaea  var. 
minus  rhizome  cuttings  was  apparently  not  influenced  by  the  propagation 
techniques  used  (single  or  multiple  rhizomes)  or  by  shoot  removal. 
Cuttings  lifted  from  differing  natural  conditions  behaved  similarly 
when  reset  at  either  of  two  cultivated  plot  locations.  The  reduced 
amount  of  new  growth  of  a  1^1  the  cuttings  may  have  been  due  to  environ¬ 
mental  conditions  of  insufficient  shade  and/or  a  lack  of  the  organic 
layer  on  the  soil  of  the  cultivated  plots.  During  the  course  of  the 
investigations  it  was  noted  that  while  the  rhizome  cuttings  of  both 
species  produced  ne;^  shoot  and  root  growth,  the  resumption  of  rhizome 
growth  and  spread  was  altered.  Cuttings  lifted  after  three  season's 
growth  shovxed  very  little  rhizome  development.  An  explanation  for 
this  phenomenon  might  be  that  the  rhizome  growth  of  both  species  was 
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influenced  by  the  same  environmental  factors  which  appeared  to  reduce 
the  amount  of  new  shoot  growth  of  V.  vitis-idaea  var.  minus  (mentioned 
above) . 
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summary  AND  CQNCLUSIC3NS 


The  preference  of  the  native  Vaccinium  species  for  a  shaded 
habitat  was  established*  The  growth  and  extent  of  the  rhizomes  of 
both  V.  canadense  and  V,  vitis-idaea  var.  minus  may  have  been  influenced 
by  shade,  the  effect  being  expressed  as  a  reduction  in  the  rhizome 
depth  of  V.  canadense  and  an  increase  in  the  number  of  shoots  of  V. 
vitis-idaea  var.  minus  located  at  terminal  rhizome  positions.  Ifeder 
heaxily  shaded  conditions  the  rhizomes  of  V.  vitis-idaea  var.  minus 
were  reduced  in  length. 

An  increase  in  the  depth  of  the  organic  layer  in  the  soil 
was  acconqjanied  by  an  increase  in  abundance  of  V.  canadense  plants, 

A  decrease  in  the  depth  of  the  rhizomes  of  both  V,  canadense  and  V. 
vitis -idaea  var.  minus  accon5}anied  an  increased  depth  of  the  organic 
layer.  Possibly  the  rhizomes  of  both  species  find  a  greater  depth  of 
organic  layer  a  more  favorable  growing  medium  allowing  them  to  grow 
closer  to  the  surface. 

Possible  influences  of  soil  nutrient  levels  and  soil  pH  on 
rhizome  growth  and  extent  of  either  V.  canadense  or  V.  vitis-idaea 
var.  minus  were  not  apparent. 

The  evidence  presented  does  not  support  the  suggestion  that 
shoots  originate  at  a  shallow  depth  because  of  light  or  an  associated 
stimulus.  Shoots  of  both  V.  canadense  and  V.  vitis-idaea  var.  minus 


originated  from  rhizomes  at  depths  to  which  light  could  not  penetrate 
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Clones  of  V.  vitis-idaea  var.  miniia  were  foxmd  to  have 
a^jproxiinately  twice  as  many  shoots  per  rhizome  when  con5)ared  to  V. 
canadense «  The  majority  of  V.  vitis-idaea  var.  minxis  shoots  were 
located  at  mid-rhizcme  positions  whereas  the  majority  of  V.  canadense 
shoots  were  located  at  terminal  positions. 

The  rhizomes  of  both  species  showed  dichotomous  branching 
and  the  growing  points  were  characterized  by  leaf  scales,  V.  canadense 
rhizomes  were  of  greater  diameter  and  more  subject  to  tropisms  when 
corqjared  to  those  of  V,  vitis-idaea  var,  minus. 

Both  species  possessed  major  roots  and  an  abundance  cf  finer 
hair-like  roots  which  spread  through  the  surrounding  organic  matter 
and  soil. 


Seasonal  changes  in  leaf  sap  pH  of  V.  canadense ,  V,  vitis- 
idaea  var,  minus  and  V,  caespitosum  were  also  studied.  Leaf  sap  pH, 
it  was  noted,  increased  with  physiological  aging  of  the  leaves  of  V. 
canadense  and  V.  caespitosum.  However,  the  leaf  sap  pH  of  V.  vitis- 
idaea  var.  minus  showed  a  decrease  during  the  early  growing  season 
followed  by  an  increase  towards  the  end  of  the  season.  The  seascaial 
pattern  of  change  in  leaf  sap  pH  of  the  latter  species  may  have  been 
related  to  its  pseudo-evergreen  nature  lAiereby  physiological  aging  would 
occur  over  a  period  of  more  than  one  growing  season.  Leaf  sap  pH, 
generally,  was  indicative  of  the  species  with  V.  canadense  being  the 
most  acid,  V.  vitis-idaea  var,  miniis  the  least,  while  V,  caespitosum 
occi^ied  an  intermediate  position.  Environmental  conditions  showed  no 
apparent  influence  on  the  leaf  sap  pH  of  the  three  species. 


Studies  with  plants  of  V.  canadense  and  V,  vitis-idaea  var. 
ininus  grown  under  greenhouse  conditions  in  soils  where  the  pH  was 
adjusted  showed  that  both  species  prefered  acid  soil  within  the  pH 
range  5*5  -  5*6.  V.  canadense  plants  grown  in  soils  of  lower  pH 
(3*0  -  3«6)  shOTfed  reduced  growth  response.  Plants  of  this  species 
grown  in  soils  of  pH  6.2  to  7*5  made  less  growth  than  the  plants  from 
either  of  the  two  most  acid  soils  and  an  increase  in  pH  was  also 
accompanied  by  a  reduction  in  growth  response.  V.  vitis-idaea  var. 
minus  plants  were  more  tolerant  than  V.  canadense  to  both  decreases 
or  increases  in  soil  pH  from  the  range  pH  ^.5  -  5*6.  Plants  of  this 
species  made  satisfactory  growth  in  the  •very  acid  soil  (pH  3*0  -  3.7) 
and  in  soil  of  near  neutral  reaction  (pH  6,1  -  6.6). 

The  pH  of  the  growing  medium  may  ha've  had  an  iirportant  direct 
influence  on  the  growth  of  both  species  but  nutrient  availability  also 
may  have  affected  the  growth  of  the  V.  canadense  and  V.  •vitis -idaea  var. 
minus  plants.  Available  sulfate  reached  high  le'vels  in  the  soils  cf 
low  pH  in  which  V,  canadense  plants  made  the  best  growth,  whereas  in 
the  soils  of  near  neutral  or  alkaline  reaction  sulfate  was  not  de-becbable 
and  plant  growth  was  reduced.  This  e'vidence  suggests  that  sulfur  may  be 
an  inportant  nutrient  for  V.  canadense.  Plants  of  both  V.  canadense  and 
V.  •vitis-idaea  var.  minus  showed  reduced  growth  in  the  soils  high  in 
available  calcium.  Possibly  calcium  has  a  deleterious  effect  on  their 
growth.  The  soils  of  near  neu-bral  or  alkaline  reaction  were  high  in 
nitrate  nitrogen  and  low  in  ammonium  nitrogen.  The  re-verse  was  -the  case 
with  the  soils  of  low  pH.  The  better  growth  response  of  both  species 
in  soils  low  in  ni-trate  nitrogen  and  high  in  ammonium  nitrc^en  sugges-bs 
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that  the  latter  may  be  the  better  form  as  a  nutrient.  Further  investiga¬ 
tion  is  required  to  determine  whether  soil  pH  has  a  direct  influence  on 
the  growth  of  V.  canadense  and  V.  vitis-idaea  var.  minus  or  whether 
soil  pH  has  an  indirect  influence  on  growth  due  to  its  influence  on 
nutrient  availability. 

Plants  of  V.  canadense  were  found  to  require  approximately 
2,808  hours  at  3h^  F.  to  con^jlete  the  low  terqjerature  winter  dormancy 
period  whereas  V.  vitis-idaea  var.  minus  plants  shewed  satisfactory 
growth  response  after  2,136  hours  at  the  same  temperature. 

The  greatest  increase  in  length  of  shoots  of  both  V.  canadense 
and  V,  vitis-idaea  var.  minus  occurred  during  the  first  two  weeks  of  the 
growing  season.  During  the  course  of  the  investigation  concerning  shoot 
growth,  the  terminal  growing  point  of  V,  canadense  shoots  were  observed 
to  die-back  from  the  tip.  This  phenomenon  which  took  place  concurrently 
with  bud  formation  at  the  end  of  the  growing  season  was  referred  to  as 
die-back  and  pseudo-abscission.  It  was  suggested  that  this  occurrence 
was  a  manifestation  of  a  determinite  growth  habit.  Shoots  of  ?o  vitis- 
idaea  var.  minus  were  also  affected  in  this  manner  but  to  a  lesser  extent. 
Environmental  influences  on  the  shoot  growth  of  V,  canadense  were  not 
apparent,  however,  the  shoot  growth  of  V.  vitis-idaea  var.  minus  may  have 
been  affected  by  light.  linear  growth  of  the  shoots  of  the  latter 
species  was  greatest  at  moderate  to  heavily  shaded  sites. 

V.  canadense  fruit  growth  followed  three  stages:  a  rapid 
increase  in  size,  followed  by  a  reduced  growth  rate  which  in  turn  was 
followed  by  a  rapid  rate  of  increase  to  maturity.  The  fruit  of  V.  vitis- 
idaea  var.  minus  did  not  follow  this  type  of  serial  growth  pattern. 


Rapid  incresise  in  size  cx5curred  just  after  blossom  drop  but  the  rate 
gradually’’  decreased  as  the  season  advancedo 

The  cessation  of  rapid  shoot  growth  of  V.  canadense  coincided 
approximately  with  the  tirre  of  initiation  of  fruit  growth  whereas  with 
V.  vitis-idaea  var.  minus  the  reduction  in  rate  of  shoot  growth  coincided 
approximately  with  the  time  of  flowering* 

Vegetative  propagation  studies  with  V.  canadense  and  V.  vitis- 
idaea  var.  minus  have  shown  that  both  species  may  be  propagated  using 
rhizome  cuttings.  Severe  pruning  involving  complete  removal  of  shoots 
of  the  V,  canadense  cuttings  resulted  in  iirproved  shoot  growth  and 
greater  survival  of  the  cuttings  when  compared  to  those  cuttings  with 
shoots  unpruned.  Rhizome  cuttings  taken  from  mid-rhizome  sections  having 
no  above  ground  shoots  showed  improved  survival  rate.  If  the  rhizomes 
of  Vaccinium  exhibit  polarity  as  was  suggested,  then  the  growth  response 
and  survival  of  the  rhizome  cuttings  from  mid-rhizome  sections  with  no 
above  ground  shoot  may  have  been  influenced  by  the  position  they  were 
set  in  the  soil.  Further  investigation  of  rhizome  polarity  is  required. 
The  determination  of  the  proximal  and  distal  portions  of  a  rhizome  by 
observation  as  suggested  by  the  Clonal  Rhizome  Studies  may  have  signi¬ 
ficance  in  this  regard. 

The  propagation  techniques  used  (single  or  multiple  rhizome 
cuttings)  and  the  type  of  cutting  (shoots  intact  and  shoots  removed) 
with  V.  vitis-idaea  var,  minus  had  no  apparent  influence  on  the  growth 
response  of  the  rhizcxne  cuttings.  Rhizomes  lifted  from  differing 
natural  conditions  made  similar  growth  when  reset  at  either  of  two 
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cultivated  plots.  The  unsatisfactory  growth  of  all  the  rhizome  cuttings 
of  V,  vitis-idaea  var,  minus  may  have  been  related  to  insufficient  shade 
and/or  a  lack  of  an  organic  layer  on  the  soil  of  the  cultivated  plot 
areas. 


During  the  course  of  the  investigations  on  propagation  with 
both  V,  canadense  and  V,  vitis-idaea  var,  minus,  it  was  noticed  tiiat 
renewed  rhizome  growth  and  spread  from  the  rhizome  cuttings  was 
altered.  Possibly  rhizome  growth  was  influenced  by  the  same  environ¬ 
mental  factors  of  insufficient  shade  and/or  lack  of  organic  layer 
■vrtiich  appeared  to  influence  V,  vitis-idaea  var,  minus  shoot  growth. 
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Table  3.  Vegetational  analyses  of  Site  3,  Topography  -  a  3°  slope  facing  $6  east  of  north 
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Table  ?•  Characteristics  of  representative  soil  profiles  at  sites  1  to  6 


Site 

Horizon 

Depth 

Color 

Structure  and  Texture 

1 

Aqo 

0 

•• 

3 

cm. 

black 

partially  decomposed  and  \m- 

decongjosed  organic  matter 

A2 

3 

- 

8 

cm. 

grey  to  white 

platy,  fine  sand 

B21 

8 

- 

26 

cm. 

reddish  brown 

granular  sand 

922 

26 

- 

60 

cm. 

light  reddish  brown 

granular  sand 

C 

60 

- 

cm. 

grey 

granular  sand 

2 

Aoo 

0 

— 

5 

cm. 

black 

partially  decoiJ5)Osed  and  un- 

decomposed  organic  matter 

Aq 

9 

- 

6 

cm. 

black 

decomposed  organic  matter 

and  sand 

A2 

6 

- 

9 

cm. 

pinkish  grey 

platy  fine  sand 

921 

9 

- 

50 

cm. 

reddish  brown 

granular  sand 

922 

50 

- 

65 

cm. 

dark  brown 

uniform  silty  sand 

C 

65 

- 

cm. 

grey 

grauiular  sand 

3 

Aoo 

0 

- 

6 

cm. 

black 

partially  decon5)osed  and  un- 

decon5)Osed  organic  matter 

Ao 

6 

- 

7 

cm. 

black 

decoii5)Osed  organic  matter 

A2 

7 

- 

Ih 

cm. 

pinkish  grey 

granular  sand 

lU 

- 

30 

cm. 

light  reddish  brown 

granular  sand 

92 

30 

- 

U2 

cm. 

dark  reddish  brown 

uniform  sifty  sand 

C 

U2 

- 

cm. 

brownish  grey 

granular  sand 

h 

Aqo 

0 

5 

cm. 

black 

partially  decon^osed  and  un- 

decomposed  organic  matter 

Ao 

5 

- 

7 

cm. 

black 

decOTiposed  organic  matter 

and  sand 

Al 

7 

- 

12 

cm. 

whitish  grey 

granular  sand 

12 

- 

20 

cm. 

reddish  brown 

loose  sand 

20 

- 

cm. 

light  reddish  brown 

loose  sand 

5 

Aoo 

0 

8 

cm. 

black 

partially  decomposed  and  un- 

decomposed  organic  matter 

Ao 

8 

- 

10 

cm. 

black 

deccm^josed  organic  matter 

and  sauid 

A2 

10 

- 

15 

cm. 

pinkish  grey 

platy  fine  sand 

®11 

15 

- 

22 

cm. 

dark  reddish  brown 

granular  sand 

9iJ 

22 

- 

U2 

cm. 

light  brown 

loose  sand 

92 

U2 

- 

U9 

cm. 

light  reddish  brown 

uniform  silty  sand 

C 

U9 

- 

cm. 

grey 

granular  sand 

6 

Aqo 

0 

3 

cm. 

black 

undecou^josed  organic  matter 

Al 

3 

- 

6 

cm. 

brownish  grey 

granular  sand 

®21 

6 

- 

2h 

cm. 

reddish  brown 

loose  sand 

B22 

2U 

- 

U8 

cm. 

light  reddish  brown 

loose  sand 

C 

U8 

cm. 

brownish  grey 

loose  sand 
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Table  8,  Soil  analyses  in  p.p.m,  and  pH  of  conqjosite  soil  samples  from 
sites  1  to  6 


Soil 


Site 

Horizon 

NO3 

NHU 

P 

K 

A1 

Fe 

Ca 

Mg 

so^ 

pH 

1 

nil 

3.0 

5.5 

30.0 

nil 

nil 

70.0 

3.0 

nil 

6.0 

A2 

nil 

2.0 

5.0 

5.0 

nil 

nil 

trace 

trace 

nil 

5.U 

B21 

nil 

nil 

20.5 

trace 

nil 

nil 

nil 

1.0 

nil 

5.6 

^22 

nil 

nil 

li.o 

trace 

nil 

trace 

trace 

1.0 

nil 

5.9 

C 

nil 

nil 

1.0 

trace 

nil 

trace 

150.0 

2.0 

nil 

8.1 

2 

^00 

nil 

2.0 

3.0 

30.0 

nil 

trace 

100.0 

3.0 

nil 

5.7 

^0 

nil 

trace 

U.o 

15.0 

nil 

trace 

trace 

trace 

nil 

5.0 

A2 

nil 

trace 

6.0 

5.0 

nil 

trace 

nil 

trace 

nil 

5.2 

B21 

nil 

trace 

20.0 

5.0 

nil 

trace 

nil 

trace 

nil 

5.9 

®22 

nil 

nil 

2.0 

trace 

nil 

trace 

trace 

2.0 

nil 

6.0 

C 

nil 

nil 

5.0 

trace 

trace 

trace 

200.0 

2.0 

nil 

7.U 

3 

^oo 

nil 

2.0 

6.5 

35.0 

nil 

nil 

100.0 

3.0 

nil 

5.7 

nil 

trace 

2.0 

10.0 

trace 

trace 

trace 

1.0 

nil 

5.0 

A2 

nil 

trace 

1.0 

trace 

nil 

trace 

trace 

trace 

nil 

5.0 

4. 

nil 

nil 

0.5 

trace 

nil 

trace 

nil 

trace 

nil 

5.U 

nil 

nil 

1.0 

trace 

nil 

trace 

nil 

2.0 

nil 

5.2 

nil 

nil 

0.5 

trace 

nil 

trace 

200.0 

U.0 

nil 

8.0 

h 

■^00 

nil 

20.0 

10.0 

Uo.o 

nil 

nil 

trace 

2.0 

nil 

5.3 

•^0 

nil 

trace 

U.5 

8.0 

nil 

trace 

nil 

trace 

nil 

U.8 

A2 

nil 

trace 

U.o 

trace 

trace 

nil 

nil 

trace 

nil 

U.6 

B2 

nil 

trace 

7.0 

trace 

nil 

nil 

trace 

1.0 

nil 

6.U 

C 

nil 

nil 

1.0 

trace 

nil 

trace 

trace 

trace 

nil 

7.U 

5 

■^oo 

nil 

2.0 

u.o 

20.0 

nil 

trace 

Uo.o 

2.0 

nil 

U.8 

Ao 

nil 

2.0 

6.0 

7.0 

nil 

nil 

nil 

trace 

nil 

U.5 

A2 

nil 

trace 

5.0 

5.0 

nil 

nil 

nil 

trace 

nil 

U.9 

®11 

nil 

trace 

2.5 

trace 

trace 

nil 

trace 

2.0 

nil 

6.2 

Bi2 

nil 

trace 

1.0 

5.0 

nil 

nil 

trace 

trace 

nil 

6.3 

B2 

nil 

trace 

2.0 

trace 

nil 

nil 

trace 

3.0 

nil 

6.2 

C 

nil 

trace 

0.5 

trace 

nil 

nil 

150.0 

3.0 

nil 

8.0 

6 

Aqo 

trace 

8.0 

3.0 

35.0 

nil 

trace 

trace 

3.0 

nil 

5.9 

Al 

nil 

2.0 

U.5 

12.0 

nil 

nil 

trace 

2.0 

nil 

5.6 

B21 

nil 

trace 

9.0 

5.0 

nil 

nil 

trace 

trace 

nil 

6.0 

B22 

nil 

trace 

u.5 

trace 

nil 

nil 

trace 

2.0 

nil 

6.0 

C 

nil 

trace 

2.0 

trace 

nil 

nil 

200.0 

2.0 

nil 

8.2 

Data  presented  are  averages  of  duplicate  determinations 
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Table  9#  V«  canadense .  Length  of  rhizomes  in  cm.  at  designated  ranges  of  soil 
depth  in  cm. 


Site  Clone 

0. 0-5.0 

5.5-10.0 

10.5-15.0 

15.5-20.0 

20.5-25.0 

25.5-30.0 

Total  Av. 
Length  Depth 

1  1 

2 

3 

10.5 

16.0 

9.0 

56.0 

120.0 

73.5 

8.0 

66.5 

12.0 

38.0 

21.5 

66.5 

lll.O 

220.5 

6.7 

7.2 

6.1 

Av. 

11.8 

63.2 

21.8 

1.0 

12.6 

7.2 

113.7 

6.8 

2  1 

17.5 

31.0 

19.5 

8,5 

1.5 

78.0 

9.0 

2 

295.0 

263.0 

109.5 

55.5 

8.0 

1.0 

732.0 

7.2 

3 

39.5 

62.0 

37.5 

22.0 

6.0 

167.0 

9.3 

Av. 

117.3 

118.7 

55.5 

28.7 

5.2 

0.3 

325.7 

8.5 

3  1 

372 .5 

380.5 

132.0 

10.0 

895.0 

6.3 

2 

Ui.5 

52.0 

70.0 

163.5 

8.1 

3 

hh.O 

152.5 

12.0 

208.5 

6.7 

Av. 

152.7 

195.0 

71.3 

3.3 

0.0 

0.0 

U22.3 

7.1 

U  1 

117.5 

106.0 

11.0 

12.0 

279.5 

6.6 

2 

U07.0 

653.0 

191.0 

63.0 

23.0 

1.0 

1311.0 

6.7 

3 

56.0 

153.0 

18.0 

257.0 

7.3 

1  Av. 

193.5 

301.0 

91.3 

25.0 

7.7 

1.3 

625.8 

6.9 

h  1 

602,0 

517.5 

ilili.5 

1261.0 

5.7 

1  ^ 

375.0 

178.0 

553.0 

1.1 

1  ^ 

152.0 

169.0 

18.0 

389.0 

3.6 

1  Av. 

376.3 

29lt.6 

61.2 

0,0 

0.0 

0.0 

73S.S 

1.5 

16  1 

3U8.0 

177.0 

516.0 

18.0 

1359.0 

8.2 

1  ^ 

11.0 

19.0 

22.0 

11.0 

1.0 

97.0 

12.8 

1  ^ 

220.0 

191.5 

61.0 

11.5 

13.0 

502.5 

6.1 

1  Av. 

193.0 

230.2 

200.7 

211.5 

1.7 

0,0 

653-1 

9.0 

Iverage  for 

|l6  clones 

171.1 

. 

<M 

85.1 

11.2 

5.0 

1.5 

181.2 

7.1 

.  .i. 
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Table  10,  V.  canadense.  Length  of  rhizomes  in  can*  at  designated  ranges  of  rhizome 
Jiameter  in  cm. 


0.1- 

0.3- 

0.5- 

0.7- 

0.9- 

1.1- 

1.3- 

1.5  or 

Total 

Average 

Site 

Clone 

0.2 

o.U 

0.6 

0.8 

1.0 

1.2 

l.U 

larger 

Length 

Diameter 

1 

1 

12.0 

37.0 

15.5 

2.0 

66.5 

0.6 

2 

25.0 

30.5 

83.0 

5.0 

1.0 

lUU.O 

O.U 

3 

130.S 

90.0 

220.5 

0.2 

Av. 

51.8 

ltlt.2 

Uo.o 

6.8 

0.3 

0.7 

3ii3.5 

O.U 

2 

1 

27.5 

15.0 

3it.5 

1.0 

78.0 

O.U 

2 

iSi.5 

533.0 

22.5 

22.0 

3.0 

732.0 

0.3 

3 

21.0 

106.5 

39.5 

167.0 

o.U 

Av, 

66.6 

218.2 

32.2 

7.3 

0.3 

1.0 

195.0 

o.U 

3 

1 

275.0 

36U.5 

227.5 

23.0 

U.5 

1.0 

895.0 

0.3 

2 

26.0 

137.5 

163.5 

0.3 

3 

92.5 

10U.5 

11.5 

206.5 

0.3 

Av. 

131.2 

202.2 

75.6 

7.6 

5.3 

0.3 

U22.0 

0.3 

U 

1 

68.0 

57.5 

103.0 

3U.0 

10.0 

.2.0 

1.5 

3.5 

279.5 

0.5 

2 

523.0 

558.0 

231.0 

2U.5 

1.0 

1.5 

2.0 

13U1.0 

0.3 

3 

61.0 

130.0 

56.0 

1.0 

9.0 

257.0 

o.U 

Av. 

217.3 

21j6.5 

130.0 

19.8 

6.6 

1.2 

1.2 

1.2 

625.5 

o.U 

5 

1 

293.0 

820.0 

98.0 

53.0 

126U.0 

0.3 

2 

173.0 

380.0 

553.0 

0.3 

3 

228.0 

161.0 

389.0 

0.2 

Av. 

231.3 

U53.7 

32.6 

17.6 

735.5 

0.3 

6 

1 

215.0 

999.0 

132.0 

1.0 

12.0 

1359.0 

0.3 

2 

55.5 

9.0 

28.5 

U.o 

97.0 

0.3 

3 

97.5 

363.0 

U3.0 

503.5 

0.3 

Av. 

122.7 

U53.7 

67.8 

1.7 

U.O 

653.0 

0.3 

4verage  for 

18  clones 

136.8 

270.1 

63.7 

10.1 

2.7 

O.I4 

o.U 

0.2 

U8U.2 

o.U 

3 
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No,  of  Decayed 

Rhizome  Ends 

per  100  cm,  of  Length  of 
Rhizane  Rhizome 

VPi  0  xrv 

•  •  0 

H  cvj 

c^ 

0 

fA 

000 

•  ,  • 

CO  CM 
CAMD 
iH 

0 

U\ 

CM 

CA 

0  \A1A 
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1A  CACO 

0\v0  0 
00  rH  CM 

CA 

, 

CM 

lA  0  0 

,  ,  , 

CA  rH  C- 

t--^lA 
CM  CA  CM 

CO 

, 

XA 

CM 

vO 

000 

•  •  , 

-d  <A  CA 
vO  XACO 
^  XA  CA 

XA 

, 

xa| 

A 

0  0  XA 

,  •  • 

CA  r-  A 
XA  CA  0 
A  XA 
rH 

H 

, 

A 

XA 

SO 

, 

0 

o_=r  0 

•  •  , 

0  iH  0 

XA 

• 

0 

CA  0 

•  ,  , 

H  0  0 

C^ 

, 

0 

rH  CM  _rt 

,  •  , 

0  rH  iH 

-d 

• 

0 

CO  ^_d 

•  •  , 

000 

-d 

• 

0 

vO  CM  A 

,  ,  , 

000 

A 

• 

0 

H  0  0 

•  •  • 

000 

Total  No. 

No,  of  Dead  of 
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Table  12,  V,  canadense.  Number  and  position  of  shoots  in  relation  to  their  rhizcmie 


Number  of  shoots  at  designated  vertical  distances 
in  cm,  from  rhizome  origin 

Shoots  Length  of 


per 

Rhizome 

0.0- 

1.5- 

3.0- 

U.5- 

6.0- 

7.5- 

9.0  or 

Average 

Site  Clone 

Clone 

in  cm. 

1.0 

2.5 

U.O 

5.5 

7.0 

8.5 

over 

Depth 

1  1 

1 

66.5 

1 

U.O 

2 

3 

liUi.O 

1 

1 

1 

U.5 

3 

1 

220.5 

1 

U.o 

Av, 

1.7 

3ii3.5 

0.3 

0.3 

0.7 

0.0 

0.0 

0.0 

0.3 

U.2 

2  1 

1 

78.0 

1 

0.0 

2 

13 

732.0 

11 

1 

1 

1.5 

3 

1 

167.0 

1 

6.0 

Av. 

5.0 

325.7 

U.o 

0.3 

0.0 

0.0 

0.3 

0.0 

0.3 

2.5 

3  1 

23 

895.0 

12 

3 

5 

3 

2.0 

2 

3 

163.5 

3 

0.5 

3 

2 

208.5 

1 

1 

6.0 

Av, 

9.3 

U22.3 

5.0 

1.0 

2.0 

0.0 

1.0 

0.0 

0.3 

3.0 

h  1 

5 

279.5 

2 

1 

1 

1 

2.5 

2 

28 

13U1.0 

21 

1 

2 

3 

1 

1.5 

3 

k 

257.0 

3 

1 

0.5 

Av. 

12.3 

625.8 

8.7 

1.0 

1.0 

0.0 

1.3 

0.0 

0.3 

1.5 

5  1 

19 

126U.O 

9 

6 

3 

1 

2.0 

2 

13 

553.0 

9 

2 

2 

1.5 

3 

3 

389.0 

1 

2 

2.5 

Av. 

11.7 

735.5 

6.3 

2.7 

1.7 

0.7 

0.0 

0.3 

0.0 

2.0 

6  1 

9 

1359oO 

5 

1 

1 

2 

2.0 

2 

2 

97.0 

1 

1 

5.0 

3 

8 

502  o5 

5 

1 

1 

1 

3.0 

Av. 

6.3 

653.1 

3.7 

0.3 

0.7 

0.3 

0.7 

0.0 

0.7 

3.0 

Average  for 

18  clones 
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U8U.2 
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Table 

13.  V. 

canadense. 

Location  of 

shoots  on 

the  rhizome 

Shoots 

at 

Shoots 

at 

No.  of 

Terminal  Locations 

Mid -Rhizome 

Locations 

Site 

Clone 

Shoots 

Number 

Percent 

Number 

Percent 

1 

1 

1 

1 

100.0 

0 

0.0 

2 

3 

2 

66.6 

1 

33. U 

3 

1 

0 

0.0 

1 

100.0 

Av. 

1.7 

1.0 

55.7 

0.7 

Uh»3 

2  1 

1 

1 

100.0 

0 

0.0 

2 

13 

8 

61.5 

5 

38.5 

3 

1 

0 

0.0 

1 

100.0 

Av. 

5.0 

3.0 

53.8 

2.0 

U6.2 

3  1 

23 

19 

82.6 

U 

17. ii 

2 

3 

2 

66.6 

1 

33.U 

3 

2 

2 

100.0 

0 

0.0 

Av. 

9.3 

7.7 

82.8 

1.6 

17.2 

h  1 

5 

U 

80.0 

1 

20.0 

2 

28 

26 

92.9 

2 

7.1 

3 

U 

U 

100.0 

0 

0.0 

Av. 

12.3 

11.3 

91.0 

1.0 

9.0 

5  1 

19 

16 

8U.2 

3 

15.8 

2 

13 

11 

8U.7 

2 

15.3 

3 

3 

2 

66.6 

1 

33.U 

Av. 

11.7 

9.7 

78.6 

2.0 

,21.U 

6  1 

9 

7 

77.7 

2 

22,3 

2 

2 

1 

5o.o 

1 

50.0 

3 

8 

7 

87.5 

1 

12.5 

Av. 

6.3 

5.0 

71.7 

1.3 

28.3 

Average  for 

18  clones 

7.7 

6.3 

72.3 

l.U 

27.7 
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Table  lii,  V.  canadense.  Ovsn-dry  weight  in  gins,  of  clones  from 
sites  1  to  6 


Ratio  of  Shoot/ 

Total 

Site 

Clone 

Rhizome  and  Root 

Shoot 

Root  plus  Rhizcane 

Weight 

1 

1 

7.8 

1.9 

0.2U 

9.7 

2 

3U*6 

3.7 

0.10 

38.3 

3 

6.7 

3.5 

0.52 

10.2 

Av. 

16.U 

3.0 

0.29 

19.1; 

2 

1 

10.6 

2.8 

0.26 

13.1; 

2 

9S.S 

16.0 

0.17 

111.5 

3 

ll;.0 

1.5 

O.IC 

15.5 

Av. 

Uo.o 

6.8 

0.18 

U6.8 

3 

1 

130.5 

k9.B 

0.38 

180.0 

2 

16.2 

7.0 

0.i;3 

23.2 

3 

27.1 

7.2 

0.27 

31t.3 

Av, 

57.9 

21,2 

0.36 

79.1 

h 

1 

78.0 

26,1 

0.33 

101;.  1 

2 

167.5 

Ui.o 

0.2U 

208.5 

3 

Ul.5 

10.0 

0.2U 

51.5 

Av. 

95.7 

25.7 

0.27 

121.1; 

3 

1 

130.U 

U3.6 

0.33 

171;.  0 

2 

U7.0 

2U.3 

0.52 

71.3 

3 

26.3 

12.3 

0.U7 

38.6 

Av. 

67.9 

26.7 

O.Iil; 

9l;.6 

6 

1 

106.2 

15.9 

0.15 

122.1 

2 

5.U 

2.3 

O.I;3 

7.7 

3 

60.1 

9.3 

O.lU 

69.U 

Av. 

57.2 

9.2 

0.2U 

66.1; 

Average  for 

15.1; 

l8  clones 

55.8 

0.30 

71.2 
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Table  l5,  V.  vltis-ldaea  var.  minxjs.  Length  of  rhizomes  in  cm.  at  designated 
ranges  of  soil  depth  in  cm. 


Total 

Av. 

Site  Clone 

0. 0-5.0 

5.5-10.0 

10.5-15.0 

15.5-50.0 

20.5-25.0  25.5-30.0 

Length  Depth 

1  1 

0.0 

81.0 

ICii.O 

97.0 

65.0 

317. 0 

11.6 

2 

222.0 

m.o 

15.5 

378.5 

2.9 

3 

zh.5 

58.0 

61.0 

36.0 

35.0  22.0 

236.5 

13.9 

Av. 

82.2 

93.3 

60.2 

UU.3 

33.3  7.3 

320.7 

10.5 

2  1 

56.0 

55.0 

11.5 

122.5 

5.7 

2 

16.5 

53-S 

12.0 

82.0 

7.2 

3 

79.0 

111.0 

U2.5 

232.5 

6.7 

Av. 

50.5 

73.2 

22.0 

Iii5.7 

6.5 

3  1 

2U.5 

82.5 

30.0 

137.0 

7.7 

2 

U.O 

81.0 

2.0 

87.0 

7.1 

3 

3U.0 

11.5 

15.5 

3.8 

Av. 

20.8 

58.3 

10.7 

89.5 

6.3 

k  1 

226.0 

115.5 

3U.5 

28.5 

I1I.5 

6.2 

2 

296.0 

296.0 

2.5 

3 

9U1.0 

102.5 

1013.5 

3.0 

Av. 

U87.6 

72.7 

11.5 

9.5 

581.7 

3.9 

5  1 

61.5 

36.0 

58.5 

U.5 

160.5 

7.6 

2 

lli9.0 

2U6.0 

65.0 

160.0 

6.6 

3 

157.5 

1U7.5 

15.0 

320.0 

5.5 

Av. 

122.7 

1W.2 

16.2 

1.5 

313.5 

6.6 

Average  for 

6.7  1.5 

290.8 

6.8 

15  clones 

152.8 

88.7 

30.1 

11.1 

o  - 
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Table  16.  V,  vitis-idaea  var.  minus.  Length  of  rhizomes  in  cm,  at 
designated  ranges  of  rhizome  diameter  in  cm. 


Site  Clone 

O.Q^-O.l 

0.2-0.3 

O.U-0,5 

Total  Length 

Average 

Diameter 

1  1 

167.0 

180.0 

3U7.0 

0.1 

2 

39.0 

339.5 

378.5 

0.3 

3 

9.0 

227.5 

236.5 

0.2 

Av. 

71.7 

2U9.0 

320.7 

0.2 

2  1 

122,5 

122.5 

0.2 

2 

23.0 

59.0 

82.0 

0.2 

3 

72.0 

131.5 

29.0 

232.5 

0.2 

Av, 

31.7 

10U.3 

9.7 

lli5.7 

0.2 

3  1 

137.0 

137.0 

0.1 

2 

30.0 

57.0 

87.0 

0.2 

3 

23.0 

22.5 

U5.5 

0.2 

Av. 

63.3 

26.5 

89.5 

0.2 

k  1 

337.0 

77.5 

Ulii.5 

0,1 

2 

296.0 

296.0 

0.1 

3 

939.0 

ioU.5 

101;3.5 

0.1 

Av. 

52U.0 

60.7 

58U.7 

0.1 

5  1 

38.S 

122.0 

160.5 

0.2 

2 

U60.0 

U60.0 

0.1 

3 

320.0 

320.0 

0.1 

Av. 

272.7 

U0.7 

313.5 

0.1 

Average  for 

15  clones 

192.7 

96.2 

1.9 

290,8 

0.2 
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appendix  I 


Table  l8.  V.  vitis-idaea  var.  minus.  Number  and  position  of  shoots  in  relation 
to  the  rhizome 


Site  Clone 

Shoots 

per 

Clone 

Length  of 
Rhizome 
in  cm. 

Number  of 

shoots 
in  cm, 

at  designated  vsrtical  distances 
.  from  rhizome  origin 

0.0- 

1.0 

1.5- 

2.5 

1 

0  0 

.  . 

U.5- 

5.5 

6. 0— 

7.0 

7.5- 

8.5 

9.0  or 
over 

Average 

Depth 

1  1 

2 

3U7.0 

2 

11.0 

2 

13 

378.5 

1 

6 

U 

2 

5.5 

3 

6 

236.5 

1 

1 

2 

2 

9.0 

Av. 

7.0 

320.7 

0.7 

0.3 

0.0 

2.7 

1.3 

0.7 

1.3 

8.5 

2  1 

122.5 

10 

U 

U.5 

2 

2 

82.0 

1 

1 

7.5 

3 

9 

232.5 

2 

1 

u 

1 

1 

3.0 

Av. 

8.3 

lii5.7 

0.7 

0.3 

U.7 

1.3 

0.7 

0.3 

0.3 

5.0 

3  1 

2 

137.0 

2 

11.0 

2 

U 

87.0 

1 

1 

2 

7.5 

3 

5 

U5.5 

2 

2 

1 

2.5 

Av. 

3.7 

89.5 

0.7 

0.0 

1.0 

0.0 

0.3 

0.3 

1.3 

7.0 

U  1 

14 

U0U.5 

5 

2 

k 

1 

1 

1 

3.0 

2 

9 

296.0 

2 

u 

3 

2.0 

3 

35 

IOI43.5 

13 

10 

11 

1 

2.0 

Av. 

19.3 

58U.7 

6.7 

5.3 

6.0 

0.3 

0.7 

0.0 

0.3 

2.3 

5  1 

3 

160.5 

3 

5.0 

2 

17 

U60.O 

0 

0 

7 

2 

U 

h 

5.5 

3 

7 

320.0 

1 

1 

2 

1 

1 

1 

U.5 

Av. 

9.0 

313.5 

0.3 

0.3 

3.0 

2.0 

1.3 

0.3 

1.7 

5.0 

Average  for 

15  clones 

9.U 

290.8 

1.8 

1.2 

2.9 

1.3 

0.9 

0.3 

1.0 

5.6 

I 
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Table  19.  V. 

■vitis- 

ddaea 

var,  minus.  Location 

of  shoots  on  the  rhizome 

No. 

of 

No,  of  Shoots  at 
Terminal  Locations 

No,  of  Shoots  at 
Mid-Rhizome  Locations 

Site  Clone 

Plants 

Number  Percent 

Number  Percent 

1  1 

2 

1 

50,0 

1 

50.0 

2 

13 

1 

7.7 

22 

92.3 

3 

6 

1 

16.6 

5 

83.U 

Av, 

7.0 

1.0 

2U.8 

6.0 

75.2 

2  1 

lU 

0 

0.0 

Hi 

100.0 

2 

2 

0 

0,0 

2 

100.0 

3 

9 

2 

22,2 

7 

77.8 

Av, 

8.3 

0.7 

7.1i 

7.6 

92,6 

3  1 

2 

1 

50o0 

1 

50.0 

2 

U 

1 

25.0 

3 

75.0 

3 

3 

60.0 

2 

iiO.O 

Av, 

3.7 

1.7 

ii5.0 

2.0 

55.0 

k  1 

Hi 

5 

35.7 

9 

61i.3 

2 

9 

3 

33.3 

6 

66.6 

3 

35 

11 

31.U 

2li 

68.6 

Av, 

19.3 

6.3 

33.5 

13.0 

66.5 

5  1 

3 

0 

0.0 

3 

100.0 

2 

17 

0 

0.0 

17 

100.0 

3 

7 

0 

0.0 

7 

100.0 

Av, 

9.0 

0.0 

0.0 

9.0 

100.0 

Average  for 

1$  clones 

9.5 

1.9 

22.1 

7.6 

77.9 

J ,  '  •  1 ,  . «  •  It  "k  »• 
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Table  20,  V.  vitis-idaea  var,  minus.  OvenKiry  wei^t  in  gms,  of  clones 
from  sites  1  to  6 


Ratio  of  Shoot/ 

Total 

Site 

Clone 

Rhizome  and  Root 

Shoot 

Root  plus  Rhizome 

Weight 

1 

1 

3.1 

1.1 

0.35 

U.2 

2 

3.U 

2.5 

0.7U 

5.9 

3 

2.9 

1.8 

0,62 

U.7 

Av. 

3.1 

1.8 

0.57 

U.9 

2 

1 

2.0 

l.U 

0.70 

3.U 

2 

1.3 

1.6 

1.23 

2.9 

3 

5.3 

3.7 

0.70 

9.0 

Av, 

2.9 

2,2 

0.88 

5.1 

3 

1 

1.0 

0.6 

0.60 

1.6 

2 

1.5 

0.8 

0.53 

2.3 

3 

0.5 

0.6 

1.20 

1.1 

Av. 

1.0 

0.7 

0.78 

1.7 

U 

1 

U.3 

2.2 

0.51 

6.5 

2 

2.5 

1.8 

0.72 

U.3 

3 

22.0 

21.3 

0.97 

li3.3 

Av, 

9.9 

8,U 

0.73 

18.3 

5 

1 

U.3 

U.2 

0.98 

8.5 

2 

6.3 

2.3 

0.37 

8.6 

3 

3.6 

0.5 

O.lU 

U.1 

Av, 

U.7 

2.3 

0.50 

7.7 

Average  for 
l5  clones 
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FIG.  1 


RHIZOME  MAP  V,  canadense 

Site  1  Clone  1 


Scale  1:2, 


■  5cm. 


Legend 

dianfMter  -  top  numeral  in  cm. 
depth  -  bottom  numeral  in  cm. 
plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
decayed  rhizome  end 
location  of  major  roots 
rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG.  2 


RHIZOME  MAP  V,canad€n8e 

Site  1  Clone  2 


Scale  1:2,  ----  .  5cm.  ^ 

Legend 

diameter  -  top  numeral  in  cm. 
depth  ~  bottom  numeral  in  cm. 
plant  at  surface  — O 

dead  plant  at  surface  — • 
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location  of  major  roots  — < 

rhizome,  lower  depth  at  crossing 
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FIG.  3 


RHIZOA^E  MAP  V,canad€n$9 

Site  1  Clone  3 


Scale  1:2, 
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Legend 
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plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
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location  of  major  roots 
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suggested  location  of  seedling  plant 
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FIG,  U  ^^HIZOME  MAP  V.canadente 
Site  2  Clone  1 


Scale  1:2,  — .  5cm.  ^ 

Legend 

diameter  -  top  numeral  in  cm. 
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plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
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rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG,  6  RHIZOA^E  AAAP  V.camad€m»€ 

Sit*  2  Cion*  3 

Seal*  1:2,  -»■  ■  5cm.  ^ 

L«o«nd 

dkmmtf  -  top  numoral  in  cm. 
dnprtt  -  bottom  numorol  in  cm. 
plant  at  turfoco 
daad  plant  at  Mirfoco 
rhizomo  growing  point 
docoyod  rhizomo  ond 
locotion  of  motoc  roots 
rhizomo,  lowor  dnpth  at  crossing 
swggMiod  location  of  soodling  plant 
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FIG.  8  RHIZOME  MAP  V,canadenMe 
Site  3  Clone  2 


Scale  1:2, 


•  5cm. 


Legend 
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rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG.  9  RHIZOME  MAP  -  Vcanademe 
Site  -  3  Clone  -  3 

Scale  1:2,  ■  5cm.  ^ 

Legend 

diameter  -  top  numeral  in  cm. 
depth  -  bottom  numeral  in  cm. 
plant  at  surface  — O 

dead  plant  at  surface  — • 

rhizome  growing  point  — C> 

decayed  rhizonoe  end  —4 

location  of  major  roots  ^-< 
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FIG. 


10  RHIZOME  MAP  K  canaden»€ 

Site  4  Clone  1 


Scale  1:2,  — .  5cm.  ^ 

Legend 

dkwweter  -  top  numeral  in  cm. 
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suggested  location  of  seedling  plant 
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FIG,  11  RHIZOME  AAAP  V,canad€n$9 
Site  4  Clone  2 

Seal*  1:2,  •=*»  •  5cm.  ^ 

L«g«nd 

dnnMtar  -  top  numorol  in  cm. 
dopth  -  bottom  numorol  in  cm. 
plant  at  turfoco  — O 

doad  plant  at  turfaco  — e 

rhizomo  growing  point  — <> 

docayod  rhizomo  and  —4 

location  of  major  roots  — < 

rhizome,  lower  depth  at  crossing  -ry- 
suggested  location  of  seedling  plant 


APPENDIX  I 


FIG,  12  RHIZOME  MAP  V,canaden»€ 
Site  4  Clone  3 


Scale  1:2,  •  5cm.  ^ 

Legend 

diameter  -  top  numeral  in  cm. 


UiilA 


APPENDIX  I 


FIG.  13  RHIZOME  MAP  V. 
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FIG.  li.  RHIZOME  A^P  V.canaJ,n„ 
Site  5  Ml  Clone  2 
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rhizomo,  lowor  dopth  at  crossing 
suggostod  location  of  soodling  plant 
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FIG,  16  RHIZOME  MAP  V,eanaii§n§€ 
Site  6  Clone  1 
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FIG.  17  RHIZOME  MAP  V.eanad»n$t 
Site  6  Clone  2 


Scale  1:2,  tarm  ,  5cm.  ^ 
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rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG.  19 
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RHIZOME  MAP  V,viti$ •idata 


var.  mtnuM 
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FIQ. 


20  RHIZO^^E  AAAP  V.vitiM  •  idaea  var.  minus 


Clone 


Scale  1:2,  m-^m  , 

Legend 
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FID,  22  RHIZOA^E  V,viti»  •  idaea  var.  minus 

Site  2  Clone  1 


Scale  1:2, 
Legend 


•  5cm.  ^ 
dianteter  -  top  numeral  in  cm. 
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FIG.  21;  RH IZOME  MAP  V.  viti,  -  idea  vor.  mine 

2  Clone  3 


Scale  ]:2, 
Legend 


5cm. 
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FIG.  25  RHIZOME  MAP  V.eith  .  ida»a  war.  minat 
Site  3  Clone  1 

Scale  1:2,  .  5cm. 

Legend 
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suggested  location  of  seedling  plant 
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FIG,  26  RHIZOME  MAP  -  V.viti$-idaea  var.  minuM 
Site  3  Clone  2 
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Scale  1:2,  •  5cm. 

Legend 

diameter  -  top  numeral  in  cm. 
depth  -  bottom  numeral  in  cm. 
plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
decayed  rhizome  end 
location  of  major  roots 
rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIQ.  27  RHIZOME  MAP  V.vitU-idaea  vor.  mina. 
Site  3  Clone  3 


Scale  1:2, 
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Legend 
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depth  -  bottom  numeral  in  cm. 
plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
decayed  rhizome  end 
location  of  major  roots 
rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG.  28 
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L«g*nd 
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FIG,  29  RHIZOME  V,viti§  •  idaea  var.  mina$ 

Site  4  Clone  2 


tj  V, 


I  1 

A./  O./  A./ 
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Legend 
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FIG.  31  RHIZOA^E  A^AP  V,viti» -idaea  var,  minu» 
Site  5  Clone  1 


Seal*  1:2,  .  5cm.  ^ 

L*o*ncl 

dkiiTMter  -  fop  numeral  in  cm. 
depth  -  bottom  numeral  in  cm. 
plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
decayed  rhizome  end 
location  of  major  roots 
rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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FIG.  32  RHIZOME  MAP  V.vith-idaea 


var.  mtnuB 


Site  5 

Seal*  1:2,  .  5cm. 

L«g«nd 

cfiofTMtar  -  top  numeral  in  cm. 
depth  -  bottom  numeral  in  cm. 
plant  at  surface 
dead  plant  at  surface 
rhizome  growing  point 
decayed  rhizome  end 
location  of  major  roots 
<*  rhizome,  lower  depth  at  crossing 
suggested  location  of  seedling  plant 
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Table  21,  V.  canadenae.  PH  of  leaves  during  the  growing  season 
of  1956 


Locations 

Dates 

June  22 

July  11 

August  12 

August  29 

September  ll\. 

A 

3.3 

3.8 

U.2 

U.U 

U.5 

B 

3.2 

3.6 

U.O 

U.2 

U.U 

C 

3.1 

3.7 

U.i 

U.2 

U.U 

D 

3.1 

3.7 

U.O 

U.2 

u.2 

E 

3.1 

3.8 

U.I 

U.3 

U.U 

F 

3.1 

3.7 

U.O 

U.2 

u.3 

G 

3.2 

3.8 

3.9 

U.I 

U.I 

H 

3.2 

3.8 

U.2 

U.2 

U.U 

I 

3.2 

3.8 

U.I 

U.2 

u.3 

J 

3.1 

3.8 

U.I 

U.2 

U.3 

Average 

3.2 

3.8 

U.I 

U.2 

U.3 

Each  figure  represents  an  average  of  duplicate  determinations 
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Table  22*  V,  vitis-idaea  var.  minus .  PH  of  leaves  during  the  1956 
growing  season 


Locations 

Dates 

June  22 

July  11 

August  12 

August  29 

September  lU 

A 

U.9 

U.7 

U.7 

U.9 

5.0 

B 

U.9 

U.6 

U.7 

U.9 

U.9 

C 

U.9 

U.8 

U.7 

U.8 

5.1 

D 

U.9 

U.5 

U.5 

U.8 

5.0 

E 

U.9 

U.9 

U.6 

U.8 

5.0 

F 

U.5 

U.7 

U.6 

U.8 

U.9 

G 

H 

U.9 

U.7 

U.8 

U.9 

5.1 

I 

U.8 

U.6 

U.7 

U.9 

5.0 

J 

Average 

U.8 

U.7 

U.6 

U.8 

5.0 

Each  figure  represents  an  average  of  duplicate  determinations 
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Table  23.  V*  caespitosum.  PH  of  leaves  during  the  1956  growing 
season 


Locations 

Dates 

June  22 

July  11 

August  12 

August  29 

September  lU 

A 

B 

C 

D 

£ 

3.5 

U.o 

U.2 

U.2 

U.U 

F 

G 

3.7 

U.o 

U.3 

U.3 

U.6 

H 

I 

J 

3.6 

U.2 

U.5 

U.7 

U.9 

Average 

3.6 

U.O 

u.3 

u.u 

U.6 

Each  figure  represents  an  average  of  duplicate  determinations 
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Table  2k •  V.  canadense.  PH  of  leaves  during  the  1957  growing  season 


Locations 

Dates 

June  7 

August  2 

September  1 

September  11 

September  26 

A 

3.6 

li.O 

U.U 

U.U 

U.2 

B 

3.6 

U.o 

U.3 

U.U 

U.U 

C 

3.6 

U.o 

U.U 

U.3 

u.o 

D 

3.6 

U.o 

u.2 

U.2 

U.o 

E 

3.6 

U.O 

u.2 

U.3 

U.I 

F 

3.8 

u.o 

u.3 

U.2 

U.I 

G 

3.8 

3.9 

U.o 

U.I 

3.9 

H 

3.8 

U.2 

U.U 

U.3 

U.2 

I 

3.8 

U.O 

U.U 

U.3 

U.2 

J 

3.7 

U.i 

U.U 

U.3 

U.I 

Average 

3.7 

u.o 

u.3 

U.3 

U.I 

Each  figure  represents  an  average  of  diqplicate  determinations 
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Table  25. 

V.  vitis-idaea  var. 
growing  season 

minus .  PH  of 

lea'ves  during 

the  1957 

Locations 

Dates 

June  7 

August  2 

September  1 

September  11 

September  26 

A 

^.0 

U.6 

5.1 

U.9 

5.1 

B 

5.0 

U.8 

U.9 

5.0 

5.1 

C 

5.0 

U.7 

5.0 

5.0 

5.2 

D 

5.0 

U.8 

U.9 

U.8 

5.0 

E 

5.1 

U.8 

5.1 

5.0 

5.2 

F 

5.2 

U.8 

5.1 

5.0 

5.0 

G 

H 

5.2 

U.9 

5.1 

5.0 

5.1 

I 

5.0 

U.8 

U.8 

5.0 

u.9 

Average 

5.1 

U.8 

5.0 

5.0 

5.1 

Each  figure  represents  an  average  of  duplicate  determinations 
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Table  26.  V,  caespitoaum.  PH  of  leaves  during  the  1957  growing  season 


Locations 

Dates 

June  7 

Aug\ist  2 

September  1 

September  11 

September  26 

A 

B 

3.7 

U.2 

U.6 

U.6 

U.U 

C 

3.6 

U.I4 

U.8 

U.6 

U.5 

D 

3.6 

U.o 

U.5 

U.6 

U.U 

E 

3.9 

U.o 

U.6 

U.6 

u.6 

F 

3.8 

U.o 

U.U 

U.U 

U.6 

G 

H 

3.8 

U.U 

U.8 

U.7 

U.8 

I 

3.8 

3.9 

U.3 

U.6 

U.U 

J 

Average 

3.7 

U.l 

U.6 

U.6 

u.5 

Each  fig\ire  represents  an  average  of  d\:5)licate  determinations 
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Table  27.  Analyses  in  p.p.m*  and  pH  of  composite  soil  samples  from  locations 
A  to  E 


Locations 

Soil 

Horizons 

N03 

NHu 

P 

K 

A1 

Fe 

Ca 

Mg 

to 

pH 

A 

•^00 

nil 

10.0 

5.5 

30.0 

nil 

trace 

10.0 

trace 

nil 

U.5 

A2 

nil 

trace 

13.0 

5.0 

1.0 

trace 

10.0 

nil 

nil 

u.u 

h 

nil 

20.0 

19.0 

30.0 

1.0 

trace 

nil 

nil 

nil 

5.0 

nil 

25.0 

11.5 

Uo.o 

1.0 

trace 

10.0 

nil 

trace 

5.7 

c 

nil 

trace 

5.0 

1.0 

nil 

nil 

10.0 

2.0 

nil 

6.0 

B 

^oo 

1.0 

U.o 

7.0 

30.0 

nil 

nil 

100.0 

3.0 

nil 

6.0 

c 

nil 

2.0 

7.5 

12.0 

nil 

trace 

Uo.o 

2.0 

nil 

5.7 

4 

nil 

2.0 

6.5 

1.0 

nil 

2.0 

Uo.o 

trace 

nil 

5.5 

Bl 

nil 

trace 

3.5 

5.0 

trace 

2.0 

Uo.o 

trace 

nil 

5.2 

B2 

nil 

trace 

2.0 

7.0 

trace 

nil 

Uo.o 

trace 

nil 

5.0 

C 

nil 

nil 

2.0 

1.0 

trace 

nil 

trace 

1.0 

nil 

5.U 

C 

^oo 

nil 

10.0 

8.5 

35.0 

nil 

nil 

100.0 

3.0 

nil 

5.9 

^0 

nil 

5.0 

13.5 

l5.o 

nil 

trace 

Uo.o 

1.0 

nil 

5.8 

nil 

2.0 

6.5 

10.0 

trace 

trace 

70.0 

1.0 

nil 

6.3 

§ 

nil 

trace 

2.0 

10.0 

trace 

trace 

30.0 

trace 

nil 

6tU 

C 

nil 

trace 

3.0 

6.0 

trace 

trace 

trace 

trace 

nil 

6.0 

D 

^oo 

trace 

25.0 

3.5 

35.0 

nil 

trace 

trace 

2.0 

nil 

5.6 

nil 

8.0 

2.0 

25.0 

nil 

trace 

trace 

trace 

nil 

5.1 

A2 

nil 

2.0 

1.5 

10.0 

nil 

trace 

nil 

trace 

nil 

5.2 

nil 

2.0 

1.5 

7.0 

2.0 

trace 

nil 

nil 

nil 

5.2 

nil 

2.0 

1.0 

5.0 

nil 

trace 

nil 

nil 

nil 

5.6 

E 

Artr> 

1.5 

20.0 

7.0 

uo.o 

nil 

nil 

Uo.o 

3.0 

nil 

6.2 

nil 

18.0 

5.5 

30.0 

nil 

trace 

trace 

2.0 

nil 

5.6 

4 

nil 

6.0 

6.0 

15.0 

nil 

trace 

trace 

1.0 

nil 

5.6 

nil 

2.0 

10.0 

5.0 

nil 

trace 

nil 

trace 

nil 

5.6 

c. 

nil 

U.O 

1.0 

5.0 

nil 

trace 

trace 

3.0 

nil 

5.9 

4 

nil 

2.0 

3.0 

trace 

trace 

trace 

nil 

1.0 

nil 

8.U 

Data  represents  an  average  of  da;5)licate  determinations 
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Table  2? 

(continued).  Analyses 
locations 

o  • 

.m.  and  pH  of 

J 

con^osite  soil  samples  from 

Locations 

Soil 

Horizons  NO^ 

NH^ 

P 

K 

A1 

Fe 

Ca 

Mg 

SOU 

pH 

F 

2.5 

25.0 

17.5 

Uo.o 

nil 

trace 

trace 

U.O 

nil 

5.7 

Ao 

nil 

2.0 

17.0 

22.0 

1.0 

trace 

trace 

1.0 

nil 

5.0 

nil 

trace 

12.5 

8.0 

1.0 

trace 

trace 

trace 

nil 

5.6 

^2 

nil 

nil 

5.0 

5.0 

trace 

nil 

trace 

1.0 

nil 

6.0 

C 

nil 

nil 

3.5 

5.0 

nil 

nil 

trace 

trace 

nil 

6.0 

G 

^00 

3.0 

8.0 

8.0 

35.0 

nil 

nil 

100.0 

3.0 

nil 

6.1 

nil 

trace 

5.5 

5.0 

2.0 

trace 

nil 

nil 

nil 

5.2 

nil 

trace 

7.0 

10.0 

nil 

trace 

trace 

trace 

nil 

5.6 

c 

nil 

trace 

3.0 

5.0 

nil 

nil 

nil 

trace 

nil 

5.9 

H 

^00 

nil 

20.0 

10.0 

Uo.o 

nil 

nil 

trace 

2.0 

nil 

5.3 

nil 

trace 

U.5 

8.0 

nil 

trace 

nil 

trace 

nil 

U.8 

nil 

trace 

U.O 

trace 

trace 

trace 

nil 

trace 

nil 

U.6 

nil 

trace 

7.0 

trace 

nil 

trace 

trace 

1.0 

nil 

6.U 

C 

nil 

trace 

1.0 

trace 

nil 

trace 

trace 

trace 

nil 

7.U 

I 

A^o 

1.0 

10.0 

IU.5 

35.0 

nil 

nil 

150.0 

3.0 

nil 

6.6 

A© 

nil 

U.o 

5.0 

20.0 

nil 

trace 

UO.O 

2.0 

nil 

6.1 

4 

nil 

2.0 

2.0 

5.0 

nil 

trace 

nil 

trace 

nil 

5.U 

nil 

2.0 

11.0 

10.0 

trace 

trace 

nil 

trace 

nil 

5.3 

C 

nil 

nil 

2.0 

5.0 

nil 

nil 

nil 

1.0 

nil 

5.9 

J 

Ann 

nil 

2.0 

5.0 

31*.  0 

trace 

trace 

Uo.o 

U.O 

nil 

6.0 

4 

nil 

1.0 

2.0 

12.0 

nil 

nil 

30.0 

1.0 

nil 

5.8 

a| 

nil 

1.0 

u.o 

7.0 

trace 

nil 

30.0 

2.0 

nil 

5.U 

B2 

nil 

1.0 

11.0 

3.0 

nil 

trace 

20.0 

1.0 

nil 

5.1 

C 

nil 

trace 

u.o 

6.0 

nil 

trace 

160.0 

U.O 

nil 

5.U 

Data  represents  an  average  of  duplicate  determinations 
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Table  28,  The  effect  of  soil  amendment  chemicals  on  soil  reaction 


Amendments 

Treatments 

Application  per 
1000  gms.  of  soil 

* 

pH 

November  l8  November  26 

Sulfuric  acid 

1 

leached  with  10,0  N 

3.2 

3.3 

II  II 

2 

«  '*  1,0  N 

3.5 

3.7 

II  It 

3 

«  '»  0,5  N 

U.o 

U.O 

II  II 

k 

»  «  0,1  N 

5.2 

5.3 

No  treatment 

6.3 

6.2 

Calcium  hydroxide 

1 

0,3  gms. 

6.6 

6.7 

II  II 

2 

0.9  gms. 

6.8 

6.7 

It  It 

3 

1,2  gms. 

6.9 

6.9 

II  n 

U 

1,8  gms. 

7.0 

6.9 

II  It 

5 

2,1  gms. 

7.6 

7.5 

Each  figure  represents  an  average  of  duplicate  determinations 


Table  29.  Nutrient  level  in  p.p.m.  of  soil  amended  with  sulfuric  acid  and  calcium  hydroxide 
December,  19^6 
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Each  figure  represents  an  average  of  duplicate  determination 
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Table  32.  V,  canadense.  Seasonal  variation  of  soil  treatment 
pH  with  plants  grown  from  (a)  February  1,  195^  to 
November  1,  1958,  and  (b)  March  1,  1958  to  November 
1,  1958 


Treatments  Dates 


April  2,  1958 

November  1,  1958 

a  b 

a  b 

1 

3.3 

3.3 

3.U 

3.3 

2 

U.8 

U.8 

5.1 

5.2 

3 

5.U 

5,6 

5.9 

5.7 

h 

7.8 

7.U 

8.0 

8.0 

5 

8,3 

7.9 

8.3 

8.5 

Each  figure  represents  an  average  of  di^)  lie  ate  treatments 


Table  33-  canadense.  linear  growth  in  cm,  of  steins  during 
the  1958  growing  season.  Plants  brought  under 
greenhouse  conditions  on  (a)  February  1,  1958  and 
(b)  March  1,  1958 


Treatments  Total  linear  Growth 


a 

b 

1 

19.0 

11.0 

2 

73.0 

31.0 

3 

9.5 

7.5 

k 

2.0 

U.O 

5 

U.o 

Each  figure  represents  an  average  of  di^Dlicate  treatments 
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Table  36.  V.  canadense.  Oven-dry  weight  in  gms.  of  roots, 
rhizomes  and  shoots  of  plants  grown  fron  (a) 
February  1,  19^8  to  November  1,  19^8  and  (b) 
March  1,  1958  to  November  1,  1958 


Treatments 

Roots 

Rhizomes 

Shoots 

Total 

a 

1.0 

2.0 

2.5 

5.5 

1 

b 

0.5 

2.0 

2.5 

5.0 

a 

1.5 

5.0 

6.5 

13.0 

2 

b 

1.0 

5.0 

5.5 

11.5 

a 

0.5 

1.5 

1.5 

3.5 

3 

b 

0.3 

1.0 

2.0 

3.3 

a 

0.1 

1.0 

0.5 

1.6 

u 

b 

0.1 

1.5 

0.5 

2.1 

a 

0.1 

1.0 

0.3 

1.U 

5 

b 


Each  figure  represents  an  average  of  duplicate  treatments 
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Table  39.  V.  vltis-idaea  var,  minus .  Seasonal  variation  of 
soil  treatment  pH  with  plants  g:rcwn  from  (a) 
February  1,  1956  and  (b)  March  1,  1958  to 
November  1,  1958 


Treatments  Dates 


^ril  2,  November  1, 

1958  1958 


a 

3.3 

3.5 

b 

3.3 

3.3 

a 

U.7 

U.6 

b 

U.8 

5.0 

a 

5.5 

5.8 

b 

5.6 

5.7 

a 

7.6 

7.8 

b 

7.5 

8.1 

a 

8.3 

8.2 

b 

8,0 

8.14 

Each  figure  represents  an  average  of  duplicate  treatments 
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Table  U2.  V,  vitls-idaea  var,  minus.  Total  number  of  active 

shoots  after  one  growing  season,  (a)  Plants  brought 
to  greenhouse  conditions  on  February  1,  1958,  (b) 

Plants  brought  to  greenhouse  conditions  on  March  1, 
1958 


Treatment 

1 

2 

3 

U  5 

a 

b 

a 

b 

a 

b 

a  b  a  b 

Nvmber  of  shoots 

U9 

9 

69 

68 

28 

57 

11  15  13  2 

Each  figure  represents 

an 

average  of 

duplicate 

treatments 

Table  U3. 

Oven-dry  weight  in  gms.  of  V.  vitis-idaea  var.  minus 
roots,  rhizomes,  and  shoots  of  plants  grown  from 
(a)  February  1,  1958  to  November  1,  1958  and  (b) 

March  1,  1958  to  November  1,  1958 

Treatment 

1 

2 

3 

U 

5 

a  b 

a 

b 

a 

b 

a 

b 

a 

b 

Roots 

0.5  0.3 

1.0 

1.5 

0.5 

0.7 

0.1 

0.3 

0.1 

0.1 

Rhizomes 

2.0  1.0 

2.0 

2.0 

1.0 

1.5 

0.5 

0.7 

0.7 

0.1 

Shoots 

1.5  0.7 

3.0 

3.0 

1.0 

2.5 

0.1 

0,6 

0.5 

0.1 

Total 

U.O  2.0 

6.0 

6.5 

2.5 

U.7 

0.7 

1.6 

1.3 

0.3 

Each  figure  represents  an  average  of  duplicate  treatments 
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Table  UU*  V,  canadense »  Shoot  growth*  during  the  19^6  growing  season  at 
sites  1  to  6 


Sites 

Shoots 

Dates 

June  8 

June  22 

July  10 

July  25 

August  10 

August  28 

1 

a 

Dormant  bud 

0.5 

0.6 

o0.7 

X 

0.9 

0.9^ 

b 

Dormant  bud 

l.U 

1.5 

i.5x 

1.5^ 

c 

Dormant  bud 

0.8 

0.8 

°0.8 

0.8 

0.8 

2 

a 

Dormant  bud 

1.0 

1.6 

1.8 

1.8 

b 

Dormant  bud 

2.0 

2.0 

°2.0 

2.cr 

2.0 

c 

Dormant  bud 

0.5 

1.6 

1.6 

1.7^ 

1.7 

3 

a 

Dormant  bud 

2.0 

2.1 

°2.1 

2ol^ 

2.1 

b 

Dormant  bud 

1.5 

1.5 

1.7^ 

1.7 

c 

Dormant  bud 

3.2 

°3.2 

3.2 

3.2 

3.2^ 

U 

a 

Dormant  bud 

1.0 

l.U 

°1.1+ 

l.U 

b 

Dormant  bud 

0.8 

1.1 

ol-l 

1.6„ 

1.6 

c 

Dormant  bud 

1.0 

1.0 

1.0 

1.0 

1.0 

5 

a 

Dormant  bud 

0.3 

1.0 

1.2 

X 

1.3 

1.3^ 

b 

Dormant  bud 

0.8 

1.2 

0.1.^ 

1.S* 

c 

Dormant  bud 

1.2 

1.5 

°1.5 

1.5^ 

1.5 

6 

a 

Dormant  bud 

3.0 

3.5 

o3*5 

X 

3.5 

b 

Dormant  bud 

1.0 

1.5 

1.5 

1.5^ 

1.5 

c 

Dormant  bud 

1.6 

1.7 

1.7 

1.? 

1.8 

measured  in  cms* 

date  that  the  terminal  bud  was  con5)letely  developed 

date  of  observation  of  the  death  of  the  terminal  growing  shoot  tip 
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Table  U5»  V,  canadense*  Shoot  growth  during  the  1957  growing  seascn  at  sites  1  to  6 


Sites 

Shoots 

Dates 

May  22 

June  6 

June  19 

July  2 

July  15 

August  2 

August  16 

AUfr^t  31 

1 

a 

nil 

0.9 

0.9 

0.9 

0.9 

1.0 

°1.^ 

1.2 

b 

nil 

0.9 

1.0 

1.1 

1.2 

1.2 

1.3 

c 

nil 

0.8 

0.8 

0.8 

0.8 

1.2 

^l.U"" 

l.U 

2 

a 

o.U 

2.U 

2.8 

2.8 

2,8 

2.8 

2.9^ 

2.9 

b 

c 

nil 

nil 

0.7 

0.8 

0.8 

0.3 

0.8 

0.9 

0.9 

1.1 

qI-O 

1.1 

1.2^ 

1.2 

1.2 

1.2 

3 

a 

0.2 

2.U 

3.1 

3.7 

3.7 

3.9 

U.o 

b 

nil 

0.9 

1.0 

1.5 

1.5 

2.U 

2.U 

c 

nil 

2.8 

2.9 

3.2 

3.2 

3.2 

°3.3 

3.3 

k 

a 

0.3 

1.U 

1.6 

2.3 

2.6 

“2.7* 

2.7 

b 

nil 

1.1 

1.2 

2.U 

2.6 

2.7^ 

2.7 

c 

nil 

0.3 

O.ii 

0.5 

0.5 

°0.6 

0.7^ 

0.7 

5 

a 

nil 

0.5 

0.5 

0.5 

0.6 

<p-^ 

0.63^ 

0.6* 

b 

nil 

0.6 

0.8 

l.U 

l.U 

1.6 

1.6 

c 

0.2 

1.2 

1.3 

1.5 

1.5 

°1.5 

1.5^ 

1.5 

6 

a 

0.3 

l.U 

l.U 

l.U 

1.U 

l.U 

1.5 

b 

nil 

1.0 

1.2 

1.3 

l.U 

1.5 

2.1 

c 

0.5 

2.2 

2.2 

2.2 

2.2 

2.2 

2.3 

2.3 

measured  in  cms. 


date  terminal  bud  con^letely  developed 
°  date  of  observation  of  the  death  of  the  terminal  shoot  tip 
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Table  U6.  V,  canadense.  Fruit  size  during  the  1956  growing  season  at 
sites  1  to  6 


Sites  Fruits  Dates 


June  8 

June  22 

July  10 

July  25 

August  10 

August  28 

1 

a 

Dormant  bud 

Flowering 

0.3 

0.5 

X 

b 

Dormant  bud 

Flowering 

0.3 

0.6 

0.8 

c 

Dormant  bud 

Flowering 

0.3 

0.5 

0.5 

0.6 

2 

a 

Dormant  bud 

0.1 

o.U 

0.5 

0.6 

0.^ 

b 

Dormant  bud 

0.2 

0.5 

0.5 

0.7 

0.8^ 

c 

Dormant  bud 

Flowering 

O.U 

o.U 

0.5 

0.7 

3 

a 

Dormant  bud 

Flowering 

0.3 

0.7 

0.8 

b 

Dormant  bud 

Flowering 

0.3 

0.5 

0,6 

c 

Dormant  bud 

Flowering 

0.3 

o.U 

O.U 

0.7 

U 

a 

Dormant  bud 

Flowering 

0.3 

0.5 

0.5 

0.6^ 

b 

Dormant  bud 

Flowering 

O.U 

0.5 

O.Sx 

0.6 

c 

Dormant  bud 

Flowering 

0.3 

o.U 

0.7 

0.8 

5 

a 

Dormant  bud 

Flowering 

O.U 

0.5 

0.5 

X 

0.8„ 

b 

Dormant  bud 

Flowering 

0.3 

o.U 

O.U 

0.7x 

c 

Dormant  bud 

Flowering 

0.3 

o.U 

0.5 

o.r 

6 

a 

Dormant  bud 

Flowering 

O.U 

0.5 

0.8^ 

0.8 

b 

Dormant  bud 

Flowering 

O.U 

0.5 

0.6i 

0.7 

c 

Dormant  b\id 

0.1 

O.U 

0.5 

0.8 

0.9 

* 


measured  in  cms. 


X 


fruit  shewing  complete  blue  coloration 
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Table  U7. 


V,  canadense.  Fruit  size  during  the  1957  growing  season  at 
sites  1  to  6 


Sites 

Fruits 

Dates 

June  6 

June  19 

July  2 

July  15 

August  2 

August  16 

Augiast  31 

1 

a 

Flowering 

0.3 

0.3 

O.U 

O.U 

0.5 

X 

0.6,, 

b 

Flowering 

0.3 

0.3 

0.3 

O.U 

o.5x 

0.63c 

c 

Flowering 

0.1; 

O.U 

O.U 

0.5 

0.6 

0.8 

2 

a 

Flowering 

o.U 

O.U 

O.U 

O.U 

0.6 

X 

0.8^ 

b 

Flowering 

0.3 

0.3 

O.U 

O.U 

o.S 

o.tJ 

c 

Flowering 

O.U 

O.U 

o.b 

0.5 

0.7^ 

0.7 

3 

a 

Flowering 

0.5 

0.5 

0.5 

0.7 

0.8 

X 

0.8^ 

b 

Flowering 

0.3 

0.3 

O.U 

O.U 

O.U 

0.6^ 

c 

Flowering 

O.U 

0.5 

0.5 

0.6 

0.7 

o.-r 

U 

a 

Flowering 

0.3 

O.U 

0.5 

0.5 

o.f 

0.^ 

b 

Flowering 

0.3 

0.3 

o.U 

0.5 

0.5 

0.4 

c 

Flowering 

0.3 

0.3 

0.3 

0.5 

0.6 

0.6 

5 

a 

Flowering 

0.3 

O.U 

o.U 

0.5 

0.6=' 

b 

Flowering 

0.3 

O.U 

o.U 

0.5 

o.ii 

c 

Flowering 

0.3 

O.U 

o.U 

0.5 

0.7 

- 

X 

X 

6 

a 

Flowering 

0.3 

0.3 

0.3 

o.U 

°-Ix 

0.7 

b 

Flowering 

0.3 

0.3 

0.3 

c 

Flowering 

O.U 

O.U 

o.U 

0.6 

0.6 

measui^d  in  cms. 

fruit  showing  cc»aplete  blue  coloration 
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Table  1*8,  V,  vitls-idaea  var,  ndnxis.  Shoot  growth  during  the  1956  growing 
season  at  sites  1  to”5 


Sites 

Shoots 

Dates 

June  8 

June  22 

July  10 

July  25 

kXigUBt  10 

August  28 

1 

a 

nil 

1.5 

1.5 

1.5 

X 

1.5 

b 

nil 

1.2 

1.6 

1.6 

1.^ 

1.7 

c 

nil 

0.5 

1.2 

l.U 

1.5^ 

1-5 

2 

a 

nil 

2.8 

2.8 

2.8 

2.8 

X 

2*?x 

b 

nil 

2.5 

2.5 

2.5 

2.5 

2.7x 

c 

nil 

2.5 

2.5 

2.5 

2.5 

2.6* 

3 

a 

nil 

0.5 

1.7 

1.7 

“l.7* 

1.7x 

b 

nil 

o.U 

1.3 

1.8 

1.8 

2-Ov 

c 

nil 

1.2 

3.3 

3.3 

3.3 

3.U 

h 

a 

nil 

1.0 

1.0 

2.2 

X 

2.3 

b 

nil 

1.5 

1.5 

1.5 

1.6 

c 

nil 

1.2 

1.2 

3.9 

3.9 

5 

a 

nil 

1.0 

1.0 

1.U 

X.S* 

b 

nil 

0.1 

1.0 

1.2 

1.3 

c 

nil 

0.1 

0.8 

1.2 

i.ir 

l.k 

* 


measured  in  cms. 


X 

date  that  the  terminal  bud  was  coitqpletely  developed 


o 

date  of  observation  cf  the  death  of  the  terminal  growing  shoot  tip 
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Pable  U9«  V.  vltis-idaea  var,  mlnttfl.  Shoot  growth  during  the  1957  growing  seats  on 
at  sites  1  to  5 


Sites 

Shoots 

Dates 

May  22 

June  6 

June  19 

July  2 

July  15 

August  2 

August  16 

Au^:ust  31 

1 

a 

nil 

nil 

0.6 

1.2 

1.2 

1.2 

1.2 

b 

nil 

nil 

nil 

0.7 

1.6 

1.6 

l.S 

1.8 

c 

nil 

nil 

0.2 

0.9 

1.2 

l.U 

1.5* 

1.5 

2 

a 

nil 

nil 

0.9 

1.8 

1.9 

2.0 

2.1^ 

b 

nil 

nil 

o.U 

1.6 

1.6 

1.6 

1.7^ 

1.7 

c 

nil 

nil 

0.7 

1.7 

2.2 

2.8 

2.8* 

2.8 

3 

a 

nil 

nil 

0.2 

0.8 

1.0 

1.3 

l.U 

1.5^ 

b 

nil 

nil 

0.3 

1.1 

1.8 

1.9 

2.0-. 

2.0 

c 

nil 

0.7 

1.2 

2.7 

2.8 

2.8 

2.9 

2.9 

X 

h 

a 

nil 

0.5 

1.1 

1.1 

1.2 

1.2 

1.2^ 

1.2 

b 

nil 

nil 

1.U 

2.7 

2.7 

2.7 

2.7 

2.7 

c 

nil 

nil 

1.3 

2.5 

3.1 

3.1 

°3.1^ 

3.1 

5 

a 

nil 

nil 

nil 

0.9 

1.5 

1.5 

1.5 

b 

nil 

nil 

0.I4 

0.8 

1.0 

1.0 

1.1 

1.1 

c 

nil 

nil 

0.3 

2.5 

2.5 

2.5 

2.7* 

2.7 

it 

measured  in  cms. 


date  terminal  bud  completely  de've loped 


0 


date  of  observation  of  the  death  of  the  terminal  shoot  tip 
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Table  50*  V,  vitis-ldaea  var,  minna, 
season  at  sites  1  to  5 


Fmit  size  during  the  1956  growing 


Sites 

Fruits 

Dates 

June  22 

July  10 

July  25 

August  10 

August  28 

1 

a 

Dormant  bud 

Flowering 

0.3 

0.6 

0.8^ 

b 

c 

Dormant  bud 

Flowering 

2 

a 

Flowering 

0.2 

0.5 

0.6 

b 

Flowering 

0.2 

0.3 

0.!i 

0.7j 

c 

Dormant  bud 

Flowering 

0.5 

0.7 

0.8^ 

3 

a 

Flowering 

0.2 

0.5 

0.6 

0.^ 

b 

Flowering 

0.1 

0.5 

0.6 

o.-r 

c 

Flowering 

0.2 

0.3 

0.5 

0.6^ 

U 

a 

Flowering 

0.1 

o.U 

0.7 

X 

0.8 

b 

Flowering 

0.1 

o.U 

0.5 

0,6^ 

c 

Flowering 

X 

5 

a 

Dormant  bud 

Flowering 

0.2 

O.U 

0.7 

b 

c 


«■ 


measured  in  cms. 


fruit  showing  complete  red  coloration 
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Table  $1,  V.  vltis-idaea  var,  minu3«  Fruit  size  during  the  1^57  growing  season 
at  sites  1  to  5 


Sites 

Fruits 

Dates 

June  6 

June  19 

July  2 

July  15 

August  2 

August  16 

Axigust  31 

1 

a 

Dormant 

Flowering 

0.2 

0.5 

0.6 

0.6 

0.8^ 

b 

Dormant 

Flowering 

X 

c 

Dormant 

Dormant 

Flowering 

0.2 

0.5 

0.6 

0.6 

2 

a 

Dormant 

Flowering 

0,1 

0.2 

0,5 

0.6 

b 

Dormant 

Flowering 

0.1 

0.3 

0.6 

0.6 

o.?"" 

c 

Dormant 

3 

a 

Dormant 

Flowering 

0.1 

0.3 

0.5 

0,6^ 

0.6 

b 

Dormant 

X 

c 

Dormant 

Flowering 

0,2 

0.2 

0.5 

0.6 

0.6 

h 

a 

Dormant 

Dormant 

Flowering 

X 

b 

Dormant 

Dormant 

Flowering 

0.3 

0.5 

0.5 

0,6^ 

c 

Dormant 

Flowering 

0.1 

0.5 

0,6 

0.6 

0.7 

5 

a 

Dormant 

Dormant 

Flowering 

0o3 

0.5 

0,5 

0.5* 

b 

Dormant 

X 

c 

Dormant 

Flowering 

0.1 

0.3 

0,5 

0,6 

0.6 

* 

measured  in  cms. 
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Table  52. 


V.  canadense.  The  number  of  surviving  riiizome  cuttings 
Xbased  on  a  total  of  twenty-five  per  treatment)  during 


1957 


Replicates 

Plot 

Locations 

Medium  Elevation 

Low  Elevation 

1 

Treatments 

2  3 

u 

1 

Treatments 

2  3 

h 

1 

5 

10 

22 

19 

10 

lU 

19 

19 

2 

6 

15 

20 

16 

6 

8 

25 

17 

3 

5 

12 

25 

18 

7 

17 

23 

21 

U 

8 

13 

23 

20 

11 

13 

21 

20 

5 

10 

6 

25 

15 

5 

15 

20 

18 

Means 

7 

11 

23 

18 

8 

13 

22 

19 

Analysis  of  Variance 


Soiirce  of  Variation 

df 

ss 

ms 

F 

Total 

39 

1538.0 

Locations 

1 

6.5 

6.5 

Treatments 

3 

1307.5 

U35.6 

* 

68.0 

2.88 

Interaction  L  x  T 

3 

18.0 

6.0 

Error 

32 

206.0 

6.U 

L.S.D. 


Q5 


3.3 
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Table  53.  V.  canadense.  Oven -dry  weight  in  gms,  of  shoot  growth 
during  1957 


Replicates 

Plot  Locations 

Medium  Elevation 

Low  Elevation 

1 

Treatments 

2  3 

u 

1 

Treatments 

2  3 

U 

1 

0.6 

0.7 

0.9 

0.8 

0.8 

0.7 

0.6 

0.8 

2 

O.U 

O.U 

1.0 

0,7 

0.5 

0.7 

1.0 

0.5 

3 

0.3 

0.6 

0.6 

0.7 

0.6 

0,8 

0.8 

0.7 

U 

0.5 

0.5 

0.7 

o,U 

0.3 

0.9 

0.3 

0.9 

5 

O.U 

0.9 

0.6 

O.U 

0.3 

0.6 

1.0 

0.8 

Means 

O.U 

0.6 

0.3 

0.6 

0.5 

0.7 

0.3 

0.7 

Each  figure  represents  the  average  weight  of  shoot  growth  from 
10  cuttings 


Analysis  of  Variance 


Source  of  Variation 

df 

ss 

ms 

F 

s% 

Total 

39 

1.5 

Locations 

1 

0.1 

Treatments 

3 

0.6 

0.2 

CD 

9 

2.88 

Interaction  L  x  T 

3 

0.0 

Error 

32 

0.8 

0.025 

.05 


L.S.D 


0.2 


